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How do they sort moil so that a letter you drop into a box in 
New York arrives at on apartment in Los Angeles a few days 
later? 

When you hastily drop a letter into a mailbox, you might pause 
to check the collection times posted on the box, but beyond that 
you may never contemplate the massive operation of sorting and 
distributing mail which goes on around the clock — and largely 
behind the scenes. 

The mail is picked up and taken either to a local branch office, 
or straight to a processing center, of which there are four in New 
York City. Different fates await the various classes of mail — 
registered, special delivery, and so on — but a first-class letter of 
standard size travels the following route. 

The mail is dumped helter-skelter onto a wide conveyor belt. 
En route to the first machine, an automatic culler removes 
oversized letters and packages that can’t go through the Mark II 
facer canceler. This machine (which is about waist high and is 
overseen by one or several workers) does just what the name 
implies: it faces the letters in one direction to facilitate later 
handling, and it cancels the stamp. The letters go in upside down, 
backward and forward. The machine sends those with stamps in 
the upper corners (or somewhere in the upper portion) through a 
canceler and into the first trays; those with stamps on the bottom 
corners are flipped by two overlapping rubber coils that rotate 
continuously. After being flipped, these letters shoot through a 
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canceler and into other trays. The canceler, which thus finds the 
stamp wherever it is, contains an ultraviolet light that picks up a 
phosphorescent dye in the stamps, so letters with fake stamps or 
none at all will be caught and separated for return. The letters 
whiz through at a rate of 20,000 per hour. 

If an oversized or bent letter gets into the machine by mistake 
and jams it, the operator must retrieve it immediately or he’ll have 
a dozen rumpled letters backed up in an instant like a chain- 
reaction highway accident. Should this occur, wrinkled letters and 
torn envelopes are handled manually during the remainder of the 
sorting process. 

If all is running smoothly, neat stacks of canceled letters are 
collected by hand and taken to a huge letter-sorting machine, 
usually referred to as an LSM. At the Morgan processing center in 
Manhattan, the largest such installation in the world, there are 
seventeen LSMs, each consisting of twelve consoles attached to a 
large wall with 277 different bins. Two loaders place the letters 
upright in containers beside each console operator. A suction arm 
picks up one letter at a time and whisks it in front of the operator, 
who punches its zip code on two rows of keys on the console. The 
arm puts a letter per second in front of the operator, who must in 
that time find the zip (which is often scrawled and nearly illegible), 
press the right keys, and get ready for the next letter. If the mail is 
local, the operator looks only at the last two digits of the code, 
which represent the local branch; but if it’s headed for California, 
he may have to punch the first three or all five, depending on the 
breakdown of areas. The first three digits indicate the zone, of 
which there are nine in the United States, and an area sectional 
center. (Omission of the zip code automatically causes a delay in 
service, as these letters are routed to manual handlers.) The 
numerals that are punched direct each letter into a slot on a large 
conveyor belt, which takes it to the appropriate bin, along with 
other letters designated for the same area. Five workers stand by 
the wall of bins and empty each bin when it’s full into a cardboard 
tray, covered with a sleeve, to be sent to the proper destination. 

First-class mail travels by air, so if your letter is not going to a 
local address or nearby state to which surface delivery is most 
expedient, it will be taken by truck to an airport. John F. 
Kennedy, LaGuardia, and Newark airports are all equipped with 
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postal facilities where mail is loaded onto the planes of whatever 
commercial airlines are available. It’s possible that your letter 
could arrive at the airport only twelve hours after you mailed it, 
for the processing centers work continuously, handling 17 million 
pieces per day in New York City alone, with the greatest volume 
of mail at night. (The earlier you mail your letter the better, for 
the volume increases as the day goes on.) Most local mail can be 
delivered the following day; letters to nearby states (such as 
Pennsylvania, New Jersey, Connecticut, and Massachusetts) may 
take two days; service from New York to California generally takes 
three days. 

In Los Angeles, a postal facility at the airport sends the boxes of 
mail to the appropriate area processing center. There the letters 
again run through an LSM to be sorted for a specific local branch. 
Local post offices receive mail at night, sort it manually by street 
and block, and place it in the case of the carrier for that area. A 
letter carrier arrives early in the morning, picks up his batch of 
mail, sorts it by building, and makes his rounds. Once the nine- 
numbered zip system introduced by the Postal Service in Febru- 
ary 1981 is fully operative, sorters aided by new technology will be 
able to sort the mail by precise block and house. The centerpiece 
of this new technology is the advanced optical character reader 
(AOCR), which is being used now to a limited degree. This 
extremely efficient, fully automatic machine faces, cancels stamps, 
and sorts — all at a rate of 40,000 pieces per hour. The only 
drawback is that the AOCRs can only handle envelopes of standard 
business size with typed or printed addresses and zips. Although 
useful for large mailings by corporations, they can’t cope with the 
glut of multisized envelopes at Christmas and Valentine’s Day. By 
1986, however, when the new system will be fully deployed, half 
of the LSMs will have been replaced by optical character readers, 
which scan the zip code and pass the letter on to another machine 
that prints the code in bar form on the envelope. This bar code — 
used on most grocery products — will facilitate handling by ma- 
chine all the way down the line. 
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How do homing pigeons find their woy home? 

Scientists have long been baffled by the uncanny ability of these 
small one-pound birds to make precise point-to-point flights over 
great distances and to hold their course whether the skies be 
overcast or clear. The answer to how pigeons home would 
undoubtedly provide a clue to the related mystery of how birds 
migrate — how, for example, some small songbirds fly 2,000 miles 
nonstop without going astray. 

Ornithologists today are becoming increasingly convinced that 
pigeons use multiple clues, some of which overlap, to navigate. 
Pigeons, like many migratory birds, apparently read the positions 
of the sun and stars in order to orient themselves. Furthermore, it 
is possible that pigeons have tiny magnetic substances in their 
brain which enable them to detect variations in the earth’s 
magnetic field and determine their course accordingly. 

This general orientation does not, however, account entirely for 
the pigeon’s point-to-point navigation, which would seem to 
require another faculty. The pigeons do not locate their home by 
keen eyesight, as evidenced by experiments in which the birds 
wear frosted contact lenses and still come home. Researchers in 
Italy believe olfactory cues play an important part, that the 
pigeons smell their way home. Biologist Mel Kreither at Cornell 
University, where extensive research on homing pigeons is being 
carried out, has several intriguing new theories. Pigeons can see 
and sense polarized light, says Kreither, and their ability to detect 
its direction, and changes in its direction, may help the birds to 
orient themselves. They are also sensitive to ultraviolet light, 
which perhaps provides a cue. Pigeons can sense an altitude 
change of as little as 10 feet, because they can detect extremely 
small changes in barometric pressure, a drop of .07 millimeters of 
mercury, for example. This sensitivity helps to hold them on a 
steady course and also to detect advancing, though perhaps 
distant, weather fronts. Still another clue to the pigeons’ naviga- 
tional skill stems from their ability to hear very low sounds — down 
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to .05 hertz. These infrasounds, which are inaudible to us without 
assistance, are generated by a variety of sources, including 
mountain ranges, ocean waves, and thunderstorms. The long 
waves, which sometimes travel hundreds of miles unbroken, may 
provide a pattern by which the pigeon miraculously finds its way 
home. 




How do they determine o boby's sex before birth? 

Cells present in the amniotic fluid within the fetal sac are largely 
of fetal origin — and they contain the secret of a baby’s sex. In the 
procedure called amniocentesis, a sample of this fluid is examined 
and the baby’s sex revealed. Because of a minimal but neverthe- 
less real risk to the health of the fetus and the mother, however, 
and because of controversial moral questions about abortion for 
sex choice, few doctors will perform amniocentesis for the purpose 
of sex identification alone. There are numerous instances, though, 
when taking a sample of amniotic fluid for sex determination is 
justifiable. These include cases of mothers who are carriers of an 
X-chromosome-linked disorder such as hemophilia, or Du- 
chenne’s dystrophy, which can be transmitted only to a male 
child. 

Amniocentesis for genetic purposes — including sex determina- 
tion — is usually conducted during the sixteenth to eighteenth 
weeks of pregnancy, calculated from the first day of the mother’s 
last menstrual period. At this time there is enough fetal develop- 
ment to obtain accurate results by chromosome analysis, yet the 
pregnancy could still legally and safely be terminated should that 
be desired. First sonography is performed: sound waves are sent 
through the woman’s abdominal wall, reflected back by the 
intrauterine structures, and translated into shapes on a screen. 
Those shapes reveal the position of the placenta and of the baby’s 
head and body, thus providing information about the baby’s 
health. Next a 4-inch needle is inserted through the mother’s skin 
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and uterine wall, into the amniotic cavity. (At some centers a local 
anesthetic is administered.) Every effort is made to insert the 
needle into the best pocket of fluid, as far away from fetal 
structures as possible; sonography is sometimes used to guide the 
physician here as well. A sample of fluid is then withdrawn for 
analysis. Sonography and the fluid collection procedure take about 
an hour. 

Fetal cells obtained by amniocentesis (which derive mostly from 
the skin but may come from the respiratory or gastrointestinal 
tract, umbilical cord, and so on) are separated from the surround- 
ing fluid. In order to obtain a substantial number on which to base 
an analysis, laboratories culture the fetal cells in a medium 
containing vitamins, minerals, and antibiotics. There, the cells 
multiply by dividing in half for a period of about three weeks, at 
which point a chemical is added to the culture to stop the process 
at a time in cell division when the chromosomes are visible. Then 
a sample of the cells is stained and examined under powerful 
magnification; twenty to twenty-five cells are analyzed in detail, 
and several are photographed. The structure of the chromosomes, 
made visible by the stain, indicates their type, which in turn 
reveals the baby’s sex. 

Chromosomes are elongated structures in the cell nucleus, 
which contain DNA, the genes that determine hereditary factors. 
The number of chromosomes is constant for each species; humans 
have forty-six, for example, but fruit flies have only eight. 
Chromosomes appear in each cell in pairs, one member of the pair 
deriving from the egg, or ovum, the other from the sperm. Among 
our chromosomes are two that determine sex. Females have a pair 
of equivalent chromosomes — XX — and males have a pair unequal 
in size — XY, the Y being smaller. Before fertilization, egg and 
sperm cells both undergo nuclear division, which reduces the 
number of chromosomes in each cell by half, thus opening the way 
for linkage with each other. After this “reduction division,” each 
egg cell contains one X chromosome, and each sperm carries 
either an X or a Y chromosome. If the egg is fertilized by a sperm 
carrying an X chromosome, the offspring will be female (XX); if a 
sperm bearing a Y chromosome fertilizes the egg, it will develop 
into a male (XY). 

Chromosome analysis through amniocentesis is therefore a 
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reliable — 99 percent accurate — means of discovering a baby’s sex 
before birth, two identical chromosomes indicating the presence 
of a female fetus, two different chromosomes indicating that a male 
is on the way. 
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How do magicians sow a woman in half? 

Even when you know it can’t really be taking place, it’s hard not 
to gasp when the magician begins to saw through the box and 
edges toward the trapped woman’s abdomen. One of the most 
sensational and popular of illusions, it was first performed in 1921 
by P. T. Selbit, an English magician and inventor, and then by the 
outstanding illusionist Horace Goldin. 

The stunt is designed so that a woman appears to be lying full 
length in a box that rests on a table. Her hands, feet, and head 
protrude through holes in the ends of the box, and in some 
versions of the trick, her wrists and ankles are tied with ropes, 
which come through the sides. The magician (perhaps with a 
helper) then proceeds to saw the box in half, using either a two- 
man crosscut saw or a rotary power saw. The two halves are then 
separated, but you can’t see inside because metal sheets have slid 
down over the cut ends of the box. Finally, the two halves are 
pushed together again, the sheets of metal removed, and mirac- 
ulously the woman is whole and very much alive. 

If it weren’t for skeptical audiences, magicians might consider 
using fake limbs or a fake head, but members of the audience are 
frequently invited to come up on stage and hold the woman’s 
hands and feet. The fact is, the illusion involves two women. 
When the props are brought onto the stage, one woman is already 
hidden in the table. The tabletop appears to be thin, but the 
underside angles downward sufficiently to make space for one 
person. As the woman on stage climbs into the box, the one who is 
hidden climbs up into the box through a trap in the table and 
pokes her feet out the end. She curls up, with her head bent 
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forward between her knees; the other woman draws her knees up 
to her chin. Only an empty space then lies in the pathway of the 
descending saw. 




How do they meosure the speed at which o hurricane is 
traveling? 

Hurricanes are a breed of tropical cyclone. These savage storms 
are called typhoons in the Pacific, where they occur most 
frequently; hurricanes in the Atlantic; and cyclones in the Indian 
Ocean and Australia. They arise near (but not on) the equator, at 
points at which the surface temperature of the water has been 
warmed to at least 78 degrees Fahrenheit. As the earth spins, the 
sloping of the earth to the north and south of the equator may grip 
and organize potential cloud clusters into an eddy. Suction from 
winds in the upper air creates an updraft in the center of a wall of 
clouds, some 35,000 to 40,000 feet high. Moist air spirals in toward 
this vortex, rises within the wall, and escapes over the top. The 
storm is driven primarily by heat released by condensing water 
vapor, a major source being the warm sea surface. The initial 
speed of the whole storm is about 15 miles per hour, but it may 
increase to 60 or more miles per hour as the hurricane moves 
farther from the equator. Most hurricanes rage for five to ten days, 
covering about 50 to 125 miles with gusting winds that may 
fluctuate rapidly from 20 or 30 to 100 miles per hour within 
minutes. The strongest winds surround the eye of the storm, 
spiraling inward in a clockwise direction in the Southern Hemi- 
sphere, counterclockwise in the Northern Hemisphere. 

Although winds of hurricane force (65 miles per hour) can be 
found at nearly any time somewhere in the world, it is the 
whirling shape of the storm with its distinctive central eye that 
constitutes a hurricane or cyclone. It is by tracking the eye that 
forecasters can determine the speed at which the hurricane is 
moving. Satellites take pictures of the storm every half hour and 
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plot the clearly identifiable eye on a map over a period of hours or 
days. (Viewed from the height of a satellite, the hurricane 
resembles a majestic spiral galaxy.) 

If the storm is near a coastline, radar is used to trace the center 
of the storm, take pictures, and plot the positions on a map. The 
National Weather Service has a buffer line of overlapping weather 
radar installations from Texas to New England which can continu- 
ously track a hurricane’s movement. 

During World War II, when a U. S. Navy fleet was battered by a 
hurricane, the government decided to use reconnaissance aircraft 
as an early warning system. Today the U.S. Air Force and the 
National Oceanic and Atmospheric Administration use planes 
equipped with radar to estimate the position of a storm. For more 
detailed information, they actually send planes right into the eye 
of a hurricane to chart its path and measure winds and pressure 
fields — a task for daredevils, it would seem, but the National 
Hurricane Center in Miami says this is no more hazardous than 
driving on the expressway at rush hour. 

None of these methods is totally accurate, however. The eye of a 
storm might be 10 or more miles across, making it difficult to plot 
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precisely. Other errors may arise from navigational difficulties in 
the plane, for the measurements are accurate only to the extent 
the pilot knows where he is. Sophisticated navigational systems, 
including Doppler radar, are used to guide the plane, but the 
farther from shore the aircraft flies, the harder it is to track it. 

;> 

How do they predict the path of a hurricane? 

In order to safeguard against unforeseen destruction by hur- 
ricane winds and floods, the National Weather Service, after 
detecting a storm, tries to predict its course. Forecasting, in actual 
practice, is very technical, but it rests on several methods that 
may be described broadly. 

According to a theory of persistence, forecasters assume a storm 
will persist along its present course. This information can supple- 
ment findings based on climatology, a study in which the current 
storm is compared with historical ones that resemble it. There are 
“families” of storm tracks, and the current storm may behave like 
one a hundred years earlier that traveled along approximately the 
same latitude at a similar speed. Another factor to consider is 
surrounding weather, or large-scale wind patterns, such as the 
Bermuda high in the Atlantic. Prediction along these lines is called 
a steering forecast. A numerical weather prediction can be made 
by modeling the winds around a storm in a computer, which can 
predict where the vortex of the hurricane will shift. The drawback 
to this method is that a substantial amount of meteorological data, 
which may be very difficult to obtain is required — particularly if 
the storm is mid-oceanic. Finally, a statistical forecast may be 
drawn up by collating information from the other four methods 
and actually formulating an equation that can indicate the future 
behavior of the storm. 
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How do they get o whole pear into a bottle of pear brandy? 


If you’re driving through France and gazing serenely at the lush 
valleys and vineyards, you may suddenly feel you’ve lost your 
senses. You squint, wonder what was in the wine you’ve been 
drinking, and look again; bottles appear to be growing on trees. 

Although on TV they might squeeze a whole tomato undamaged 
into a thin bottle of Heinz tomato ketchup, in the real world 
there’s no way to get a ripe, fragile pear (or a tomato for that 
matter) into a bottle in one piece. So, the French pear growers tie 
the bottle onto a tree branch over a blossom or a tiny, developing 
fruit, which proceeds to grow and ripen inside the bottle. Bottle 
and pear are shipped to Alsace, where distillation and bottling of 
the finished brandy take place. 

Connoisseurs of brandy and spirits find an eau-de-vie containing 
a whole pear a conversation piece more than anything else — the 
pear doesn’t guarantee high quality. 


:> 


How does o steel ship float? 

Archimedes’ principle states that a body immersed or partially 
immersed in water loses an amount of weight that is equal to the 
weight of the fluid it displaces. Whether or not an object can float 
depends on the density (weight -r volume) of both the object and 
the water. If the density of the object is less than that of water, the 
object will sink into the water only to the point where the weight 
of displaced water equals the weight of the object. A one-foot 
wooden cube, for example, might weigh 50 pounds. In water, the 
submerged part of the cube will displace a volume of water 
weighing 50 pounds. Because the cube is less dense than water, it 
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needs an equal weight but a smaller volume of water to support it. 
The force of the displaced water pressing in on all sides is called 
buoyancy. 

If this principle holds, how can a steel ship possibly float, when 
steel has a density approximately 8 times that of water? In fact, the 
hull of the ship is filled with air, and air’s density is 816 times less 
than that of water. If the overall size and weight of the ship are 
considered, then, its density is actually less than that of water — 
and the ship will float. 

;> 


How does on artificial pacemaker help a weak or damaged 
heart? 

Artificial pacemakers are able to correct low cardiac output 
primarily because of the remarkable qualities of the heart itself. 
Ever since the experiments of the prominent Italian physician 
Luigi Galvani in the eighteenth century, men have known about 
the ability of muscle to respond to electrical stimulation. The 
fibers of the myocardium (the middle muscular layer of the heart 
wall) are excitable and able to conduct impulses from one fiber to 
another. The speed of the impulses received — hence the rhythm 
of the heart — depends to some extent on the autonomic (involun- 
tary) nervous system. A healthy heart is able to produce a 
sufficient stimulus because cardiac muscle has an inherent rhythm 
that causes it to contract. Even if severed from the nerves, fresh 
cardiac muscle (unlike skeletal muscles) is not paralyzed, but 
continues to contract rhythmically. Both the atrial and the 
ventricular myocardia have this quality, but the rate of the 
former’s contractions is actually somewhat faster than the rate of 
the latter’s. To initiate and maintain one steady rhythm, the heart 
has its own natural pacemaker; the sinoatrial node. Lying in the 
right atrium at the recess of the vena cava superior, this node 
beats the fastest of all myocardial muscles. If the sinoatrial node 
fails, the atrioventricular node takes over, causing the heart to 


28 


aorta 



venae cavae 


pulmonary artery 

pulmonary veins 
left atrium 


left ventricle 


right ventricle 



Implantable cardiac pacemaker. 


29 


beat about 50 to 60 times per minute rather than 70 to 80. 

Any number of problems, including sinus or ventricular arrest, 
atrioventricular (AV) block, and Stokes-Adams syndrome, may 
cause an insufficient or irregular heartbeat, which physicians are 
able to correct with an artificial pacemaker. A pacemaker can start 
a ventricular contraction by transmitting repetitive, evenly spaced 
current pulses to the heart from an outside electrical source. 

Various types of pacemakers are available to correct different 
problems, but basically the machine consists of electrodes, con- 
ducting wires, and a pulse generator. The electrodes, made of gold 
or platinum, are good conductors. They may be unipolar or 
bipolar, but the latter are more efficient. If the electrodes are in 
direct contact with the heart, less voltage is required than if they 
do not actually touch the cardiac tissue. The conducting wires are 
made up of stainless-steel coils. The generator controls the rate 
and amplitude of impulses, which may be fixed or may change 
according to the needs of the heart. If the heart is weak, for 
example, but needs stimulus only from time to time, the pace- 
maker shuts off when the heart is working well so as not to 
compete or interfere with it. 

An artificial pacemaker can be implanted by thoracotomy or 
introduced transvenously. In the transthoracic method the chest is 
opened between the fifth and sixth ribs. The electrodes are put on 
the outer left ventricular wall and sewn in place. Either an 
external or an implanted generator may be connected to the 
electrodes. The latter is usually placed in the right anterior chest, 
below the clavicle. 

The transvenous method of installing a pacemaker doesn’t 
require major surgery. After a local anesthetic is administered, a 
catheter is put into the jugular, subclavian, or antecubital vein. 
With the help of fluoroscopic visualization, physicians thread the 
catheter through the vein, all the way through the right atrium to 
the right ventricle. There the electrodes are wedged into the 
ventricular wall. Again the generator may be implanted or 
external. Most have an amplitude of 1 to 10 volts and provide a 
stimulus of 1 to 2 seconds. 
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How do they write the Encyclopaedia Britannica ? 

The accumulation of knowledge that went into the making of the 
fifteenth edition of the Encyclopaedia Britannica is astounding, for 
the ambitious publishers and editors of this edition actually started 
from scratch — a feat to give even the most knowledgeable scholar 
reason for misgivings. The first Encyclopaedia Britannica, 
published in 1771 and comprising only 2,659 pages in three 
volumes, had been updated and expanded over two centuries, the 
fourteenth edition having been published in 1929. This edition 
was revised forty-one times in an effort to keep abreast of rapid 
scientific and technological advances in the twentieth century, but 
editorial advisers, scholars, and particularly the determined pub- 
lisher, William Benton, realized the need for a totally new 
encyclopedia to meet the demands of this century and the next. 
Planning for the fifteenth Britannica, which appeared in 1974, 
began in 1960, and the task involved some 300 editors, 200 
advisers, and more than 4,000 contributors. 

Before any writing could begin, however, what to include and 
how to organize the full scope of human knowledge had to be 
determined. Director of Planning Mortimer J. Adler, founder and 
president of the Institute for Philosophical Research, undertook 
the intellectual design. For two years he and 162 other scholars 
formulated an “outline of knowledge,” the backbone of the 
encyclopedia, which they then decided to publish as a guide to 
understanding the entire work. The outline, published in one 
volume called the Propaedia, is, says Adler, a “circle of learning,” 
divided into ten categories: Matter and Energy, Earth, Life on 
Earth, Human Life, Human Society, Art, Technology, Religion, 
History of Mankind, and Branches of Knowledge. This revolution- 
ary idea in encyclopedia design provides a topical mode of access 
to the alphabetically organized general encyclopedia. An essay by 
a distinguished expert in each field introduces each of the ten 
parts, describing the general scope and showing how various parts 
are related to one another. Each part is then broken down into 
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divisions, sections, and subsections — 15,000 in all. For example, 
Art is separated into “Division I: Art in General” and “Division II: 
Particular Arts.” “Art in General” includes (1) “Theory and 
classification of the arts,” (2) “Experience and criticism of works of 
art,” and (3) “Nonaesthetic contexts of art.” Each of these topics is 
further broken down into several pages of meticulous subhead- 
ings. Opposite the outline is a key that refers the reader to 
articles, article sections, or other references in the encyclopedia. 
The eighteenth-century French encyclopedist Denis Diderot 
actually had been attracted to this method of systematizing 
knowledge by topic, but he became frustrated by it — understand- 
ably so. 

After Adler and his colleagues completed the exhaustive out- 
line, they had to make sure that the scholars who undertook each 
article stayed within their strictly defined boundaries — a demand 
that thoroughly discouraged some 200 writers. Candidates for 
writing long articles for the so-called Macropaedia (“big learning”) 
were nominated by the senior editor of each subject area. These 
twelve editors (one from each of the ten major categories, plus the 
editors responsible for two other areas, geography and biography) 
frequently consulted academic advisers on who was considered 
preeminent in their particular field. The senior editor then made 
an informed nomination to the editor in chief, Warren E. Preece, 
whose final approval was necessary in every case. A great deal of 
discussion usually took place, which included recommendations 
from Adler and from Robert M. Hutchins, chairman of the Board 
of Editors. If Preece and the editor, after much debate, reached 
an impasse, they turned for advice to the faculties of the 
University of Chicago. Whenever necessary they went farther 
afield, contacting individual scholars and/or special committees of 
faculty members at the universities of Oxford, Cambridge, 
London, Edinburgh, Toronto, Tokyo, and the Australian National 
University. In an attempt to keep the encyclopedia international, 
one out of three candidates for each article was non-English and 
non-American. Milton Friedman, Arthur Koestler, Arnold J. 
Toynbee, and Anthony Burgess are among those who contributed 
major articles. Although the entire editorial staff assisted in the 
editing process, Preece and Executive Editor Philip W. Goetz 
carried the heaviest load, sometimes wading through 200,000 
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words of text a week. In all, the nineteen-volume Macropaedia 
contains 4,207 authoritative articles, each running somewhere 
between 750 and 250,000 words. 

For those who want a quicker reference guide of short, concise 
entries, the fifteenth edition of the Encyclopaedia Britannica also 
includes a Micropaedia (“little learning”). This is a ten-volume set 
with 102,000 entries that provide basic facts on noted people, 
nations, politics, agriculture, education, plants, animals, and so 
on. The Micropaedia also acts as an index to the Macropaedia. 

All told, development and publication of the fifteenth edition of 
the Encyclopaedia Britannica was a $32 million venture resulting 
in 43 million words which — as far as its publishers, at least, are 
concerned — contain the entirety of human knowledge. 



How do they decide who is pictured on United States paper 
currency? 

An act of Congress in 1962 designated the Secretary of the 
Treasury as the one responsible for choosing who will have the 
honor of appearing on our money. In most cases the secretary 
consults other Treasury officials, the Director of the Bureau of 
Engraving and Printing, and sometimes the President before 
making a final decision. 

The portraits on our notes today were decided upon by a special 
committee appointed in 1925 by Secretary of the Treasury Andrew 
W. Mellon. They altered the size of the notes, revised printing 
methods, and in 1928 decided that portraits of Presidents should 
go on the notes because they have “a more permanent familiarity 
in the minds of the public than any other.” This decision was 
overruled by Mellon, who thought the first Secretary of the 
Treasury, Alexander Hamilton, and Benjamin Franklin were also 
sufficiently well known by Americans. The most familiar face was 
George Washington, so the committee decided to put his likeness 
on the note people have the most of: $1. Previously, currencies 
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worth $1 had carried a variety of images: legal tender notes issued 
from 1861 to 1864 bore the likeness of Secretary of the Treasury 
Salmon P. Chase; silver certificates carried a likeness of Martha 
Washington in 1886; and in 1896 an educational series was printed 
with such historical images as the Washington Monument and the 
names of great Americans in wreaths. 

According to the History of the Bureau of Engraving and 
Printing 1862-1962, the committee in 1928 suggested James A. 
Garfield for the $2 note “because of the sentiment attached to our 
martyred Presidents and because his flowing beard would offer a 
marked contrast to the clean-shaven features of Washington. . . .” 
Mellon turned down the recommendation, though, and decided 
on an image of Thomas Jefferson for the $2 bill. 

The precise selection process remains a mystery, for the Bureau 
of Engraving and Printing admits that “records do not reveal the 
reason that portraits of certain statesmen were chosen in prefer- 
ence to those of other persons of equal importance and promi- 
nence.” 




How do they decide what goes on American coins? 

The Director of the Mint, with the approval of the Secretary of 
the Treasury, has the prerogative of choosing new coin designs, 
though changes cannot be made on any coin more than once every 
twenty-five years, according to an act of Congress, Title 31, 
Section 276, enacted in 1890. It wasn’t until the one hundredth 
anniversary of Abraham Lincoln’s birth that public sentiment was 
sufficient to override one long-standing prejudice, now rather 
hard to imagine: until the Lincoln cent, there had never been a 
portrait on a United States coin. There is a stipulation, com- 
manded by act of Congress, that every American coin bear a 
symbol of liberty. The advent of the Lincoln penny marked the 
Mint’s acknowledgment that certain prominent people in the 
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history of the country who were no longer living could represent 
liberty. 

In some instances Congress has prescribed new designs for 
coins. At the bicentennial of Washington’s birth, for example, 
Congress decided to put his portrait on the quarter. An act of 
Congress in 1963 placed the likeness of John F. Kennedy on the 
half dollar, and legislation in 1970 placed a portrait of Dwight D. 
Eisenhower on the obverse of the dollar coin. 

The Director of the Mint also responds to public sentiment, 
which was the motivating factor in placing the likeness of Franklin 
D. Roosevelt on the dime in 1946, one year after his death. 

Inscriptions on the coins are required by law, as stated in Title 
31, Section 324, U.S. Code, whose derivation dates as far back as 
1873; it was last amended in 1970: 

Upon one side of all coins of the United States there 
shall be an impression emblematic of liberty, with an 
inscription of the word “Liberty,” and upon the reverse 
side shall be the figure or representation of an eagle, 
with the inscriptions “United States of America” and “E 
Pluribus Unum” and a designation of the value of the 
coin; but on the dime, 5-, and 1-cent piece, the figure of 
the eagle shall be omitted. The motto “In God we trust” 
shall be inscribed on all coins. Any coins minted after 
July 23, 1965, from 900 fine coin silver shall be inscribed 
with the year 1964. All other coins shall be inscribed 
with the year of the coinage or issuance unless the 
Secretary of the Treasury, in order to prevent or 
alleviate a shortage of coins of any denomination, directs 
that coins of the denomination continue to be inscribed 
with the last preceding year inscribed on coins of that 
denomination. 
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How do they get the lead into a pencil? 

You might think that lead gets into a pencil by being inserted 
into a hole drilled the length of a cylindrical piece of wood, for if 
you look closely at a pencil, it certainly appears that the wood is all 
one piece. “That’s the sign of a good pencil,” says a salesman for 
the Joseph Dixon Crucible Company, producer of the famous 
yellow Dixon Ticonderoga pencil. Even if you inspect an un- 
painted Dixon pencil, you can’t see that it is actually made of two 
pieces of wood glued together. The seams are invisible. 

Dixon starts with cedar wood cut into slats, measuring roughly 
IV* by 2% inches and less than 1 A inch thick. The slats are sent 
through a machine with saws that cut thin grooves, usually four to 
nine per slat, depending on the size of the pencil to be made. 
Next, fine strips of hardened lead are placed in the grooves. This 
“lead,” actually composed of graphite, clay, and a little water, has 
been dipped in wax for extra strength, baked, pushed into a mold, 
and cut to the proper 7-inch length. A second slat, also cut with 
grooves, is fitted over the one that now holds the lead, and the two 
are glued together with a high-strength industrial glue. There is 
now a slim rectangular box with strips of lead concealed inside. 
This is run through two similar machines. One cuts the top slat 
into a series of faceted semicircular shapes, the number corre- 
sponding to the number of strips of lead. When the next machine 
performs the same operation on the bottom slat, the facets meet 
and the slat is divided into four to nine individual pencils. 

Then the finishing touches are added, such as paint, a green and 
gold ferrule at one end, and an eraser, which is glued in. The 
Joseph Dixon Crucible Company, employing one hundred work- 
ers in this operation, produces 576,000 pencils in a single eight- 
hour day. 
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How do they remove tor from cigarettes? 

Cigarette companies keep talking about reducing the “tar” in 
their latest brands, as though it were a single ingredient, easily 
removed for better health, easily replaced for more taste. Actu- 
ally, “tar” is not tar at all but a combination of some 2,000 to 
10,000 elements — including alkaloids, ammonia, carbon dioxide, 
carbon monoxide, and hydrogen cyanide — known in the tobacco 
industry as “total particular matter.” TPM is formed by the 
burning of organic matter; in a cigarette this includes both tobacco 
leaves and paper. 

The Federal Trade Commission (FTC) measures the amount of 
TPM in a cigarette by drawing smoke through a special filter on a 
mechanical smoking machine. Each cigarette, previously con- 
ditioned for twenty-four hours at 75 degrees Fahrenheit and 60 
percent relative humidity, is smoked to a predetermined butt 
length. The TPM “wet collection” is the net weight gain in the 
filter after the cigarette has been smoked. TPM “dry” is then 
calculated by subtracting the weight of nicotine and water. This 
figure is what shows up on some cigarette packages for the 
interested consumer. In 1979 the FTC published a list of the “tar” 
and nicotine contents of 176 varieties of domestic cigarettes. 
Marlboro, for example, has 17 milligrams of “tar” per cigarette, 
and Merit has 8. The difference is, of course, intentional, and the 
cigarette manufacturers use a variety of techniques to accomplish 
it. 

One method involves, simply enough, decreasing the amount of 
tobacco in the cigarette, by reducing slightly the circumference of 
the cigarette or by using “fluff” tobacco — tobacco that has been 
dried by a special process so that it retains its original dimensions 
even after the moisture has been removed. Smaller circumference 
or smaller volume means less burning time, which means less 
“tar.” Another method of reducing tar is to pack the tobacco so 
that it burns more quickly, even during the idle periods between 
puffs. 
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Porous paper, too, aids in increasing the rate of burning and 
dilutes the smoke so that the smoker gets less TPM in his lungs. 
The paper is perforated mechanically with tiny holes that cannot 
be seen. Additives are also used to make the tobacco burn more 
quickly, but tobacco companies can go only so far before totally 
frustrating their market. 

The filter is also an effective device for reducing “tar.” Perfor- 
ated filters dilute the smoke with air; large, long filters that are 
difficult to draw through are yet more efficient. 




How do they measure the speed of a fastball? 

The game is tied, the crowd hushed with anticipation, as 
“Goose” Gossage winds up for one of his famous fastballs. The 
batter swings, misses — strike three — the inning is over and 
Howard Cosell tells us Gossage’s deadly pitch went 98 miles an 
hour. How does he know? 

Just as the police use radar to trap speeders on a highway, 
baseball teams use radar guns to measure the speed of a fastball. 
The person who operates the gun stands behind home plate, 
behind the backstop. He activates the gun, which may then work 
continuously throughout the game if so desired. The gun registers 
a measurement of speed each time the ball whizzes toward home 
plate. 

A radar gun emits microwave beams of a known frequency. 
These beams have a conical shape and a width of 16 degrees. A 
baseball moving within this radar field toward the gun reflects the 
waves back toward the gun. The difference in frequency between 
the reflected waves and the original waves is then calculated, and 
that information is translated into miles per hour. 
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How do they wash the windows of the World Trade Center? 

During the spring, summer, and fall, the windows of the World 
Trade Center from the 9th to the 106th floor are always being 
washed. (The winter season is prohibitive because of heavy winds 
and freezing temperatures.) A huge automatic window washer for 
each tower, resembling a crane, is operated by one man standing 
on the roof. Using remote control, he sends the machine over the 
side, down steel runners, past a “bay” or column of windows 
spanning 97 floors. Each tower has 248 bays and more than 22,000 
windows. Cleaning at lightning speed — but not always with 
pristine results — the machine descends and returns in a mere 33 
minutes. It travels 60 feet a minute while shooting water from a 
spray nozzle, brushing, and then vacuuming the windows. Ten 
bays may be cleaned in a day, and the water, which is recycled, is 
changed after 5 bays. The entire machine, including the washer 
head and cable reels, weighs about 3,000 pounds. 

Because of the way the buildings are constructed, the automatic 
window washer cannot be used on either the uppermost or the 
lowest floors. The windows of the 107th floor — the restaurant in 
Tower 1 and the observation deck in Tower 2 — are washed four 
times a year by two brave souls who hang from scaffolding and 
wash with the usual brushes and squeegees. They also wash floors 
1 through 6 by hand. (They omit floors 7 and 8, 108 and 109, and 
several others that contain mechanical equipment rooms with 
vents for blowing air out of the buildings to aid air circulation — 
these floors have no windows.) 
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How does o high-speed elevator take you 60 floors in 30 
seconds? 

When an elevator lifts you almost instantaneously to the 60th 
floor, you feel you must be traveling at a tremendous speed. 
Actually, the elevator rises 800 feet in 30 seconds, or only 18 miles 
an hour. Compared with the slow hydraulic elevators used in 
buildings of five stories and less, however, this speed is indeed 
fast. Tall office and apartment buildings use electric elevators, and 
one of the fastest in the country is located in the John Hancock 
Building in Chicago. That elevator can travel 900 feet in 30 
seconds. 

A modern electric elevator is operated by a gearless traction 
machine, which is based on a system of hoists first developed by 
the Egyptians to build the Pyramids. Six to eight steel cables, or 
hoisting ropes, are attached to the top of the elevator car. They 
extend to the top of the hoistway, where they are wrapped around 
a grooved wheel, or drive sheave, measuring 30 to 48 inches in 
diameter. The ends of the cables then drop back down the 
hoistway, holding a counterweight that slides up and down on its 
own guide rails. The weight of the elevator car on one end of the 
ropes and the total mass of the counterweight on the other end 
press the cables down into the grooves of the drive sheave. A 
large, slow-speed electric motor turns the drive sheave at a rate of 
50 to 200 revolutions per minute, thereby moving the cables and 
lifting the elevator. The electric hoisting motor does not have to 
lift the full weight of the elevator car and its passengers, for the 
weight of the car and about half its passenger load is balanced by 
the counterweight, which slides down as the car goes up. Any 
elevator that travels more than 250 feet in 30 seconds requires 
additional traction, which is achieved by wrapping the hoisting 
ropes around a secondary gearlike sheave located just below the 
main drive sheave. 
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How does on archaeologist or anthropologist know where to 
dig? 

Finding a spot where prehistoric man camped, worked, played, 
or died usually comes about by accident. Most sites are found by 
construction crews, say, or by amateur bone collectors who might 
notify a local newspaper or university that they have found 
something out of the ordinary. Usually the object is an elephant or 
buffalo bone — too huge to have come from a cow — or an ancient- 
looking stone arrowhead. Professionals may then find a prehistoric 
site when they excavate the area. Since most of the evidence of 
early man has been covered over by 10,000 to 2 million years of 
dust and civilization, the clues to finding such a doorway into the 
past are hard to come by. 

“It’s very hit-or-miss,” says anthropologist Dennis Stanford of 
the Smithsonian Institution in Washington, D.C. “If it’s under a 
parking lot, you’re not going to find it.” 

There are a few ways of looking for sites besides relying on blind 
chance, however. Aerial photographs of a region can lead to 
important discoveries. The thing to watch for, according to 
Stanford, is water. People and animals must drink to stay alive, 
and early man had to camp and live near a water source. Tools, 
bones, and artifacts of all kinds turn up along the ancient banks of 
rivers and lakes. In the Olduvai Gorge in eastern Africa, for 
example, the late Dr. Louis B. Leakey found several skulls and 
jawbones that proved that man as a species had been on the earth 
for more than a million years; the australopithecines, as he called 
them, had apelike faces, but walked upright in manlike fashion 
and had large brains. 

Dennis Stanford’s main interest is early North American peo- 
ples, who were much more recent than australopithecines and 
physically indistinguishable from modern man. Near a Texas 
riverbed Stanford found tiny shards of flint that he thinks were 
ground off by a prehistoric tool maker while sharpening a stone 
blade. There were no natural sources of flint in the area, so the 
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stone must have been brought to the site and ground by someone 
for a specific purpose. Stanford believes the geologic layer in 
which the shards were lying is 12,000 years old. 

Passes through mountains are also likely spots to dig for 
evidence of early man, since any people who lived in the region 
probably traveled that way frequently and may have left behind 
some sign of their presence. 
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How do they predict future crop yields by satellite? 


Global crop forecasting, still very much in the experimental 
stage, is a massive undertaking that calls on the research facilities 
and technologies of such organizations as the National Aeronautics 
and Space Administration (NASA), the United States Department 
of Agriculture (USDA), and the National Oceanic and Atmo- 
spheric Administration (NOAA). There is no magical system by 
which satellites can report a simple and infallible prediction, as 
crop yields are subject to vagaries of policy, unforeseen weather 
changes, and other variables. Nevertheless, the study of data from 
weather satellites, of multispectral and return beam vidicon 
(television) images from Landsat satellites, combined with analysis 
of regression models — historical records of particular crops, yield 
models, and crop calendars — allows scientists to assess current 
crop status and to estimate harvest yields with a reasonable degree 
of accuracy. 

The Apollo 9 flight in March 1969 provided the first significant 
test of acquiring data about the earth’s resources by remote 
sensing from space. Today, a Landsat satellite (Landsat 3), 
launched on March 5, 1978, orbits the earth at an altitude of about 
570 miles in a circular, near-polar, sun-synchronous orbit. This 
means that the same point on the earth’s surface is viewed every 
18 days. The satellite collects data by means of multispectral 
scanners (optical-mechanical scanners), vidicon TV cameras, and 
radio systems. 


43 


* 



. . + 


*• . 


•* 

' +•■ . ‘ 


Landsat Earth Resources Technology Satellite. 
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The ability to photograph in each part of the electromagnetic 
spectrum has proved particularly helpful in studying vegetation 
and its condition. Color infrared photography (which was de- 
veloped for detection of camouflaged installations during World 
War II) records information that the human eye cannot detect. A 
multispectral scanner is an instrument, which may be mounted on 
a satellite or aircraft, that senses reflected and/or emitted radiation 
in any number of bands of the electromagnetic spectrum, depend- 
ing on the design of the scanner. Landsat 3’s multispectral scanner 
senses radiation in five bands: green, red, thermal infrared, and 
two in near-infrared. Multispectral scanners contain a device that 
splits a beam of light into spectral components. The various 
wavelengths are, in turn, converted to electrical signals, which can 
be transmitted to the earth by telemetry and then recorded on 
magnetic tape. 

An examination of images taken in, say, three different portions 
of the spectrum can show that corn, alfalfa, stubble, and bare soil 
stimulate different responses and thus can be distinguished from 
one another. Each substance has its own unique “signature,” or 
tone — ranging from black to numerous shades of gray to white — 
produced by its reflectance within a particular band. The “signa- 
ture” of each substance over time thus depends on which band is 
examined, what stage the crop is in, soil moisture conditions, and 
so on. Within the green band, for instance, mature green alfalfa 
produces a “medium” amount of reflectance. Bare soil also 
produces an image of medium brightness. In the near-infrared 
band, however, alfalfa’s reflectance is high, but that of bare soil is 
medium. It is thus necessary to compare and contrast multiple 
images, in different bands, in order to differentiate types of crops 
and soil. 

Once various crops are identified, multispectral analysis is used 
to detect crop disease as well. Infrared photographs show that 
vigorous plants have very high reflectance, and unhealthy ones 
reflect less. (It is fortunate that the human eye cannot see infrared 
light, for we might be blinded by the reflectance of these healthy 
plants! When translated into color images, the reflectance shows 
healthy plants as reddish, sickly ones as blue or green.) Other uses 
for multispectral imagery that relate to crop yields include 
determining the mineral and moisture content of different soils 
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and recording stages of growth and the area covered by a 
particular crop. 

There is, however, much disagreement among scientists about 
just how much can be gleaned from such data and to what extent 
the findings in one area can be applied to another. There is also 
considerable debate about which factors are the most significant in 
forecasting crop yields. Everyone has a bias; the National Environ- 
mental Satellite Service (NESS), for example, endorses the 
usefulness of meteorological measurements. NESS has a geosta- 
tionary operational environmental satellite (GOES) system made 
up of two spacecraft located on the 75-degree and 135-degree west 
meridians. (The satellites orbit the earth at the same speed as its 
rotation, thus retaining constant positions in relation to the planet, 
22,000 miles above the surface.) They provide early warning of 
climatic conditions affecting crops, such as drought, freezing 
temperatures, precipitation and snow cover estimates, and mea- 
surements of solar radiation at the earth’s surface. Polar orbiting 
satellites, circling the earth twelve to fourteen times a day at 
altitudes of 500 to 900 miles, also gather meteorological data. 

Still, whether one studies Landsat images or meteorological 
data, or both, the information is essentially useless for crop 
prediction without a corresponding study of yield models and crop 
calendars. A yield model is a statistical model based on a long 
history of crop yield and weather conditions in a particular area. (It 
is also necessary to take into account a trend-line yield, which 
assumes that yield increases with time because of technological 
advances.) A crop calendar is the normal schedule of crop 
development, from seedbed preparation and planting to flower- 
ing, maturity, and eventual harvesting. A crop calendar varies not 
only from crop to crop (and from one crop subclass to another), but 
also from one geographical area to another. Permanent conditions 
in an area may determine, to some extent, the impact of weather 
variations. For example, in Indiana, soil moisture is always high, 
so a dry year might not seriously affect crop growth; whereas in 
Iowa, where the soil contains less moisture, a dry year could be 
harmful. 

Using all known technology, NASA, USDA, and NOAA in the 
mid- 1970’s collaborated on one of the most successful experimen- 
tal harvest forecast projects to date. The Large Area Crop 
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Inventory Experiment (LACIE) had three phases, beginning in 
November 1974 with the study of the nine-state Central Plains 
region of the United States. Phase II brought the Soviet Union 
and Canada into the picture. Information collected in those two 
phases was used in Phase III, which led to a forecast of the size of 
the 1977 Soviet wheat crop that was accurate within 6 percent of 
official Soviet figures released six months later. 


;> 


How do they pick Nobel Prize winners? 


Alfred Bernhard Nobel was a shy, reclusive man with a fondness 
for English poetry — and a passion for explosives. Even after killing 
his youngest brother and four other men in his experiments with 
nitroglycerin, he persisted: he invented dynamite, the detonating 
cap, and later blasting gelatin, an even more powerful explosive. 
Not a very peaceful enterprise, one might say; but Nobel 
apparently hoped his weapons would bring an end to wars. 

Nobel didn’t believe in inherited wealth, so rather than leave to 
relatives the millions from his inventions and his oil fields in 
Russia, he established the Nobel Prizes. His intent, upon signing 
his will in 1895, was to reward “those persons who shall have 
contributed most materially to the benefit of mankind during the 
year immediately preceding.” 

Today the Nobel Foundation in Stockholm, run by six members 
and a chairman appointed by the Swedish government, oversees 
the investment of Nobel’s money, the interest from which is 
awarded as prizes. Each year, from October 1 to November 15, 
four prize-awarding Institutions meet to decide upon the foremost 
persons in the areas of physics, chemistry, medicine, literature, 
and peace; an annual prize in economics was initiated in 1968. The 
Royal Swedish Academy of Science awards the prizes in physics, 
chemistry, and economics; the physicians and teachers at Swe- 
den’s foremost hospital, the Caroline Institute, decide upon the 
prize in medicine; the literature prize is awarded by eighteen 
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writers of the Swedish Academy; and the neighboring Nor- 
wegians — five prominent men appointed by the Storting 
(Parliament) in Oslo — award the peace prize. (This last arrange- 
ment arose because Nobel wished to have closer ties with his 
neighbors.) Five Nobel Committees, each having three to five 
members, solicit experts to advise in the decision-making process. 
There are also four Nobel Institutes, chosen by the prize-awarding 
Institutions, which research areas pertinent to the prizes. 

Although the prizes frequently do go to the most worthy 
persons in each field, prejudices and politics inevitably enter the 
picture. The Swedes tend to support Germany in the sciences, 
look down their noses at American literature, and shy away from 
awarding science or literature prizes to the Russians. 

“Behind the Award, ” a feature in the N obelshiftelsens Kalender, 
published each year by the Foundation, allows a glimpse at the 
makeup of the Academies and their not always objective methods. 

The first literature prize awarded in 1901 went to Rene F. A. 
Sully Prudhomme, chosen over Leo Tolstoi. The question of who 
was the superior writer was not the issue; an old conservative, Dr. 
Carl David Wirsen, opposed Tolstoi’s religious beliefs, and 
reported that Tolstoi supported anarchism and didn’t believe in 
cash prizes for artists anyway. The anti-Russian Academy happily 
went along. 

The prize for Ernest Hemingway in 1954 arose out of esteem 
not for the writer (who was thought to be too modern) but for one 
of the Academy’s own members. Ninety-year-old Per Hallstrom 
was faced with retirement, and because the honorable dean 
adored The Old Man and the Sea, the members deemed it a 
courteous gesture to vote according to his views. 

The startling award to Patrick White in 1973 over Graham 
Greene and Vladimir Nabokov stemmed largely from an attempt 
at geographical distribution. This was the first literature prize for 
Australia. 

In 1965 Richard P. Feynman, together with Julian S. Schwinger 
and Sin-itiro Tomonaga, won the physics prize for their research in 
quantum electrodynamics. When he heard that the Nobel Com- 
mittee actually investigates the private lives of winners before 
giving an award, Feynman replied, “Well, that finally explains 
something that’s puzzled me. I made my prize-winning discovery 
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in 1949, but I was not honored for it until 1965. Now I can see it 
was my personal life that kept me from getting the award those 
many years — until the Nobel Committee finally saw I had settled 
down with my third wife and I now had a child, and that I had 
become the model of a family man.” 

The five Norwegian judges designated to award the peace prize 
in 1935 were a brave and steadfast group. They insisted (despite 
protests from pro-Nazi novelist Knut Hamsun and from Hermann 
Goering) on selecting Carl von Ossietzky, who had exposed 
Hitler’s secret rearmament. Not only was the outspoken pacifist 
and newspaper editor thrown into a concentration camp, where he 
died of tuberculosis, but the judges themselves were arrested 
when the Nazis invaded Norway. 

The peace prize awarded to Willy Brandt in 1971 for his work in 
East-West detente was a unanimous choice. But two years later an 
uproar resulted from the selection of Henry Kissinger for the 
peace prize — which The New York Times called a “war prize.” 
Two members of the committee resigned. 

Despite varying opinions and controversy, however, many of 
the prizes over the years have gone to outstanding and deserving 
men, as Nobel originally intended. 


;> 


How do they decide whether o fine pointing is o forgery? 

In 1947 Hans Van Meegeren, Dutch artist and master forger, 
was brought to trial for having sold a national treasure — a Vermeer 
painting — to Nazi chief Hermann Goering. Van Meegeren was 
thrown into jail, protesting that in fact he had fooled Goering. His 
work was so precise, so convincing, however, that no one believed 
him — the exquisite picture in Nazi hands could have been painted 
only by Vermeer. Van Meegeren’s only means of salvation was to 
paint still another Vermeer while in prison to prove himself to the 
skeptical authorities. The extent of his activities as a forger in the 
thirties and early forties became fully known a bit later. This 
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insignificant artist, whose own work was scorned by the critics, 
was the most successful forger ever; his profits amounted to 
$ 1 , 680 , 000 . 

Although some methods of scientific analysis of forgery were in 
practice by the thirties, the war provided Van Meegeren with 
some cover. For the painting he sold to Goering had a fatal flaw 
that Dr. Paul Coremans of Belgium detected only when Van 
Meegeren stood trial: the cobalt blue found in the forgery was a 
color unknown during Vermeer’s lifetime. 

Van Meegeren’s forgeries, which required intimate familiarity 
with Vermeer’s technique, were evocations of what Vermeer 
might have done early in his career. Other common types of 
forgery include the direct copy, taken from one original; a 
pastiche, which draws on elements from various works to form a 
new one; and a palimpsest, which is an authentic piece embel- 
lished or restored so as to falsify the original image or signature. 

The various methods of detecting a forgery draw on the 
expertise of historians and art historians on the one hand, and of 
scientists trained in mineralogy, metallurgy, organic and inorganic 
chemistry, crystallography, and wood and fiber identification on 
the other. No specific procedure is applied in every case. An 
expert who is extremely sensitive to works of art and their history, 
iconography, design, and style may know that a particular painting 
is a fake in a matter of seconds. One story tells of an art collector 
who came to such an expert with a painting purported to be the 
work of Duccio. The expert gazed at it and then replied, “Ah, but 
it is impossible that it is a Duccio, for whenever I behold a Duccio, 
I swoon!” Before the development of scientific examination 
techniques, recognition by an art historian — although rather more 
studied than that of the Duccio expert — was the major test of a 
painting’s validity. Such historians might notice that the brush- 
work in the fake is calculated and flat, whereas in the original it is 
direct and spontaneous. They may cite in a forgery a piece of 
furniture or a style of dress that wouldn’t have been used at the 
time the putative artist lived. 

Modern technical examination involves study of the chemical or 
physical properties of the materials found in the object and of 
changes wrought by the passage of time. (Many of the tests are in 
fact useful only on forgeries of paintings of the Old Masters and 
have little application to forgeries of modern works.) 
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X rays are used to record the density relationship of the 
materials in a painting. They may reveal another painting beneath 
the surface, or a crackle pattern beneath that is different from the 
one visible on top, indicating that the top layer is more recent. 
Some forgers scrape away a small section of paint in order to add a 
false signature. Set down below the surface in this way, it appears 
to be an integral part of the painting. But infrared rays and X rays 
can expose the scrape marks surrounding the letters. Other 
forgers, hoping to make a work of art look old, drill worm holes 
into the wood. But radiographs (pictures produced by a form of 
radiation other than light) can reveal that the direction is not the 
same as that of a hole made by the animal. Radiographs can also 
determine the date of manufacture of nails used in some panel 
pictures. 

Ultraviolet rays are useful in detecting repainting, added 
signatures, and restorations, for different materials absorb and 
reflect those rays differently. Experts must be able to read and 
interpret various degrees of absorption, reflection, and fluores- 
cence. 

Infrared photographs can show how a painter has built up a 
picture, the stages of development, and mannerisms; this informa- 
tion can help a critic or historian who is familiar with the authentic 
painter’s methods determine whether the work is an original. This 
technique is also used to track down copies of contemporary 
works. Infrared rays can reveal a hidden signature or detect that 
one has been erased. 

Chemical identification of metals, fibers, dyes, pigments, and so 
on is made by spectroscopy and microchemistry. Intense magni- 
fication is also used to study the crystalline form, fiber structure, 
and relationships of paint layers. Forgers frequently use a needle 
to draw fake cracks, but close examination shows that such cracks 
are only as deep as the paint layers, whereas real cracks would be 
deeper. (Another method used by forgers involves putting the 
painting in an oven, so that it dries and hardens two centuries’ 
worth in a day.) An expert looking through a binocular magnifier 
can pinpoint artificial crackle and signatures that “float” between 
layers. 

However, if a pastiche, for example, is executed by a master 
forger using the same ingredients, style, and structure as the 
original artist, and effectively incorporating technical problems of 
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deterioration, the work may have to go back to the art historian — 
for a decision based on certain knowledge, a well-informed guess, 
or an intuition of the moment. 




How do they turn coffee into instant coffee? 


Whether you agree with the ads that freeze-dried instant coffee 
packs in more flavor, or stand by the powdered brand you’ve been 
using for years, the manufacturing process for both is similar — at 
least until the final step. 

When coffee arrives at a factory that will turn it into instant, it 
already looks like the ground coffee available in your supermarket. 
The green beans have been roasted to the appropriate color 
required by each brand, blended for that particular Maxwell 
House or Yuban flavor, and ground. The factory staff then actually 
percolates huge amounts of coffee. Whereas you might put 4 
tablespoons into your percolator, one factory may brew 1,800 to 
2,000 pounds at a time. The coffee then passes through tubes in 
which high pressure and temperature cause some water to 
evaporate, leaving behind coffee with a very high concentration of 
solids. This liquid, known as coffee liquor, is then ready to be 
dried by one of two methods. 

Powdered instant coffee is dried by heat, which some people 
feel is detrimental to the flavor. The liquor is poured through a 
large cylindrical drier, roughly 100 feet high and 60 feet across, 
and is heated to 500 degrees Fahrenheit; by the time the liquor 
reaches the bottom, the water has evaporated, leaving powdered 
instant coffee, ready to be collected and packed into jars. 

By the freeze-drying method, the coffee liquor is frozen into 
blocks, which then are broken into granules of the desired size. 
The granules are then put into a vacuum drier, a box kept in a 
continuous vacuum, which dries the coffee through sublimation — 
that is, the frozen water changes directly into vapor, which is in 
turn removed through valves. High temperatures that might 
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damage the flavor are not required, since the granules are in a 
vacuum (the thinner the atmosphere, the lower the temperature 
at which water boils). What remains after vacuum drying are 
coffee solids that dissolve instantly in hot water for a quick cup of 
coffee. 


How do bees know how to build honeycombs? 



By accident — that’s the biological answer to the question. The 
dazzling geometric perfection of the honeycomb — with its per- 
fectly flat surfaces made of straight rows of elegant hexagons, 
compact, yet capacious enough inside to support a population of 
80 , 000 — is the product of blind instinct, the artistry of an intricate 
genetic program. Every action the bees perform in building their 
metropolis, such as poking the cell walls in a honeycomb with 
their mandibles (jaws) as they form them to make sure the 
thickness is right, is dictated by instructions in the genes of their 
body cells. The instructions were “written” by a series of rare 
genetic accidents occurring over millions of generations; certain 
accidents were preserved and passed along to the next generation 
because they helped the animal survive and reproduce. 

Each cell of the bee’s body contains a complete set of genes, the 
“blueprint” in cell language for making an entire bee. The bee gets 
its genes from its parents, as it is conceived. If something happens 
to change the molecular structure of those donated genes, either 
before or shortly after conception, the instructions change, and 
the creature will develop or behave differently; such genetic 
accidents or mutations happen at random every so often. Most 
mutations are so catastrophic that the animal doesn’t even hatch. 
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A few, however, are beneficial, giving the organism a new quality 
that helps it survive. When it reproduces, it passes on the “good” 
mutation in its genes to its offspring. 

A series of genes for testing the thickness of cell walls would 
make worker bees much more efficient, since they would not 
waste wax making walls too thick, or lose hatching young when a 
section of thin wall collapsed. Greater efficiency in construction 
would let the “mutant” bees move on to other work, producing 
more young, while nonmutants were repairing broken walls or 
making extra wax to replace what was squandered on thick-walled 
cells. Because of their greater efficiency, the generations of wall 
testers would soon outproduce all others so dramatically that they 
would snatch up all the good food and nesting sites. After 
thousands or millions of generations, only wall testers would 
remain. A beehive is a select combination of the most successful 
genetic accidents in the history of bees. 

But how do they build the hives so exactly once they have their 
genetic instructions? For example, how do the bees build the 
comb flat, along a single plane? The tools a worker bee uses are 
her own body (workers are sexually undeveloped females), raw 
materials from the environment, and the unseen forces of the 
planet Earth itself. Experiments have shown that bees can all 
somehow sense the earth’s magnetic field and innately know how 
to make a structure turned at a certain angle to it. Thus they can 
all agree on which way the comb should face, with no foreman bee 
to tell them. Bees can line up the hexagonal cell openings in 
perfect horizontal and vertical rows because every bee carries her 
own plumb line wherever she goes: her head. The head is 
attached to the neck by two pivot points, which are surrounded by 
bristlelike sensory hairs. When the heavy head is pulled in any 
given direction by the force of gravity, the hairs on that side of the 
bee’s neck are tickled, so she always knows which way is “down,” 
and can get her bearings accordingly. Each cell is a hexagonal 
prism — a tube with six sides — because this is the best possible 
shape to hold a given volume of anything while using as little 
building material as possible. Furthermore, the cells are tilted 
back at a grade of 13 degrees, to keep the honey from running out. 

No one knows for certain how the bees manage to construct six 
perfect 120-degree angles in each cell, but it seems that they 
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measure distances and angles with the span between their two 
front legs, as they spread the wax with their mandibles. Since all 
the workers in the hive are the same size, it is easy to see why the 
results are uniform. Beeswax itself is a fatty secretion from glands 
lining the underside of the creature’s abdomen; it comes out in 
flakes, which the bee passes forward to her mandibles with her 
hind legs. Then she chews it awhile, mixing it with her saliva until 
it is the right temperature and consistency. She spreads the wax to 
a uniform thickness of .003 inch, scraping and adding until the 
layer is perfect; she tests it by butting it with her mandibles with 
the antennae resting on its surface — the way the layer vibrates in 
response to her pokes tells her how thick it is. 

Bees start building a section of comb at the top, from two or 
three different spots. A crowd of bees huddles together at each 
spot like a football team before the hike, keeping the wax warm 
with their bodies as they shape it together. They make the cells 
three or four at a time, proceeding from common walls. They 
spell each other so that each bee works at the exhausting process 
for about 30 seconds at a stretch before being relieved by a 
substitute. Each huddle of bees spreads out as work progresses, 
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and the sections of the comb are joined — they fit together so 
perfectly that it’s impossible to tell they were begun separately. 
The cells are not literally all the same size, but come in three 
carefully delineated varieties: the smallest are for hatching new 
workers and storing pollen and honey; the next largest are for 
rearing drones (males); and the largest are for raising new queens. 

Bees’ reputation for efficiency is well founded: aside from being 
well organized, they conserve resources by recycling their build- 
ing materials. When a contingent leaves a hive to found a new one 
(called “swarming”), they pack supplies of wax taken from aban- 
doned cells in the mother hive into their special leg baskets to use 
in building their new honeycomb. 




How does q honeybee find food? 


Nothing seems more random than the haphazard-looking zigs 
and zags of a bee as it buzzes along on a summer afternoon. Yet 
nothing is more deliberate in all of nature. That bee has been 
flying a distance of up to 6 miles in a literal “beeline” from its hive 
to the place where it has been told there is precious food. An 
amazing inborn system of bee radar guides the insect closer and 
closer to its destination. 

How is a bee told where to find food? Bees use a primitive but 
truly symbolic language — the only such means of communication 
known to exist in nonhumans — to guide each other to food. When 
a worker bee returns to the hive from a foray, it performs a kind of 
dance. From those simple steps the observing workers collect all 
the information they need — not only how far to fly, but in what 
direction. The dance is executed on the vertical face of a comb; the 
pull of gravity tells the bee which way is “down,” so that it can 
orient the dance steps in space. The direction in which each 
maneuver points is very important if the other workers are to find 
the food. 

If the food source is closer than about 10 yards, the scout 
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The configuration of the “dance” that a bee performs on returning 
from the field communicates to bees in the hive the location of a food 
source. If the source lies within 10 yards of the hive, the dance is 
small and circular (1). As the distance to the food increases, the figure 
flattens to an oval (2). For food beyond 100 yards, the scout prome- 
nades slowly in a figure eight (3), whose shape indicates the location 
of the food in relation to the sun. 




promenades in a circle about 1 inch in diameter. As the distance 
increases to 100 yards, the circle flattens to a sickle shape. Beyond 
100 yards the sickle becomes a figure eight, and the pace of the 
dance slows. The greater the flying time, the slower this pace — 
presumably matching the scout’s own fatigue. 

To communicate the direction of the food, the dancer uses its 
figure eight as a pointer. If the “waist” of the eight is vertical, the 
food lies directly toward the sun. If the waist tilts 20 degrees to the 
right of vertical, the food is 20 degrees to the right of the sun’s 
position and so on. 

But not even clouds can deter the bees. Their eyes are sensitive 
to ultraviolet light, which penetrates the clouds even when 
“visible” sunlight is stopped; so the bees can locate the position of 
the sun when mere humans cannot. 

In any weather, the first trip to a new and distant food source 
may require several minutes’ searching after the worker reaches 
the general area. The bee uses both vision and smell to find the 
right flower; it remembers the scent of the nectar that the original 
scout brought back to the hive. For subsequent trips the worker 
memorizes visual landmarks and is able to make a beeline to its 
target. 




How do mountain climbers scale sheer rock walls? 

Tools help, as do various specific techniques, but rock climbers 
depend mostly on sound judgment, careful analysis, and astonish- 
ing nerve. 

The physical mechanics of rock climbing involve not only the 
feet, knees, hands, arms, and body. Pressure of the body against 
the rock, for example, lends support. If a very steep rock affords 
no hand- or footholds, the climber may secure a grasp on a vertical 
rock edge and pull on it horizontally as he, in a sense, walks up, 
his body leaning at a right angle to the rock. This move is called a 
layback. Other steep faces may require a courte-echelle, in which 
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the lead climber uses his companions to reach a hold: he stands on 
their shoulders or simply receives a boost. 

An experienced climber keeps his body as vertical as possible 
and at a sufficient distance from the rock to be able to move freely. 
Novices suffering pangs of fear tend to hug the rock, which 
hinders their progress. 

The most astonishing feat of the truly great climbers is known as 
balance or rhythm climbing. By some uncanny law of nature, a 
master cragsman can move quickly up a rock, using terrifyingly 
narrow ledges and tiny fingerholds if he maintains his motion, 
which creates friction with the rock, and if he is on his way to a 
counterbalancing position. 

A more conventional technique, of course, is climbing in 
groups, wherein two or more climbers are linked by a rope. The 
strongest climber is first on the way up and last during the 
descent. Nylon rope, V 2 inch in diameter, has replaced the older 
manila or hemp ropes, which lacked elasticity. That elasticity 
proved to be a saving grace for twenty-four-year-old David Harrah 
of the 1950 Harvard Andean Expedition that climbed Yerupaja in 
western Peru. After weeks of climbing over snow and ice, Harrah 
and a companion reached the 21,770-foot summit. When they 
started down, the snow gave way, and Harrah fell the entire 120- 
foot length of the rope that bound him to his partner. The time it 
took for Harrah to fall allowed the other climber a split second in 
which to lie down and slam his ax into a ridge for support. Harrah 
bounced at the end of the nylon rope, which fortunately had 
enough give that it didn’t break his ribs. Four thousand feet above 
a glacier, Harrah dangled in space. It took 45 minutes for him to 
get back up the rope to his friend — and just how he had the 
strength to do that, no one knows. 

Under moderate conditions, rock climbers move all at once. If 
the way is precarious, an anchor man secures a stance, wrapping a 
rope around himself or a rock while the others proceed; this is 
called a belay. The top man may gain additional protection by 
hammering pitons (spikes, wedges, or pegs) into rock cracks, and 
by running ropes through carabiners (rings) snapped to the pitons. 
Prussiking is an elaborate process for extremely difficult climbs: 
pitons are hammered in at every step, more ropes added between 
climbers, and a sling-and-pulley system using prussik knots 
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arranged whereby a climber may hoist himself up. During a 
descent extra ropes may be wrapped around a rock point to allow 
for a rappel: two lengths of rope are wound under the climber’s 
thigh and over the opposite shoulder, the rest of their length 
hanging down the mountain. Facing the mountain, the climber 
walks backward, the ropes slipping slowly through his sure and 
careful hands. 




How do cor tires grip o wet rood? 

If roads were always dry, tire manufacture would be a simple 
operation: all tires would be completely smooth, like racing tires; 
for the greater the amount of tire in contact with the road, the 
greater the amount of traction. Our changeable climate creates 
another set of problems, however, for smooth tires (especially 
wide ones) speeding along a wet road actually begin to float. With 
traction drastically reduced, a car may hydroplane at speeds of 45 
or 50 miles per hour. 

Since no one wants to change tires each morning according to 
fallible weather reports, tire companies try to produce the best all- 
weather tire, with rubber soft enough for good traction but 
sufficiently hard to last. While wide treads provide contact with 
the road surface, an intricate design of tread grooves and/or slots 
that are cut into the tire channel water out from between the tread 
and the road as the tire rotates. Tires used to have five to seven 
straight, continuous ribs, but today slots are cut across the tread 
pattern, which shoot water out to either side. These slots and 
grooves are deeper than those on older tires: % inch is standard, 
with Vie inch being the legal limit to which a tire may be worn 
down. 

It is essential during a heavy rainstorm that a tire’s grooves 
remain open, and methods of assuring this vary from one type and 
brand to another. A bias belted tire, for example, made of 
crisscrossed plies, has two or more circumferential belts of 
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fiberglass or steel wire. These belts, added to the body beneath 
the tread, are an improvement on the standard bias tire. Perhaps 
the most efficient tire — in terms of both traction and tread wear — 
is the radial tire. The name describes the body cords that run 
radially from side to side, at an angle of 90 degrees to the direction 
of travel. Two or four belts made of polyester, steel, fiberglass, or 
aramid (which is lighter than steel but more costly) encircle the 
tire to stabilize it and hold the treads open. 




How do they sort eggs into jumbo, large, and medium sizes? 

It would be nice if hens were systematically grouped into 
jumbo, large, and medium sizes, just as their eggs are classified. 
But even though tall people often have tall children, big hens 
don’t necessarily lay big eggs. In a standard coop all the hens — 
large side by side with small — are kept in cages of 4 square feet, 
three or four birds to the cage. While one conveyor belt brings 
them their meals, another carries away the eggs that roll from 
their tilted cages. 

Placed by either hand or machine in flats (containers holding 2 V 2 
to 3 dozen), which are brought to a processing room, the eggs are 
then picked up by a suction gun, a machine with 2Vz to 3 dozen 
rubber suction cups that fit over the tops of the eggs. The suction 
gun transfers the eggs to a conveyor belt studded with spindles; 
each egg is supported by two spindles, separating the eggs and 
thus preventing them from rattling against each other and 
cracking. A washing machine cleans away any debris, the pores 
that allow an egg to breathe are sealed with oil, and the eggs go 
into a candling booth. Here mirrors on the wall and very bright 
lights beneath the eggs allow an inspector to check for cracks or 
blood spots. 

Finally, the eggs that pass inspection advance to a scale, which 
consists of a rocker arm with a weight on the back of it. If the egg is 
heavy enough to tip the rocker arm, it passes from the conveyor 
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belt into one of two lines of cups, which then lower the eggs into a 
waiting carton. A carton of jumbo eggs must weigh 30 ounces, so 
each jumbo egg must weigh 2.5 ounces; the first scale is set 
accordingly. If the egg isn’t heavy enough, it automatically moves 
on to the next rocker arm with a slightly lighter weight behind it. 
There are usually five scales that separate the eggs into the various 
categories: jumbo, 2.5 ounces; extra large, 2.25 ounces; large, 2 
ounces; medium, 1.75 ounces; and small, 1.5 ounces. If the egg is 
too light to tip the last rocker arm, it won’t ever reach your local 
supermarket. 
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How does a submarine dive and resurface? 


Submarines dive and resurface simply as a result of changes 
in the amount of weight on board. It’s essential, then, that the 
captain keep careful track of the number of crew members and 
the amount of food, batteries, torpedoes, and so on. When the 
submarine’s weight is equal to the weight of water it displaces, 
the vessel floats. In the case of a standard 273-foot British “T” 
submarine developed in World War II, this weight is 1,300 tons. 
When the captain gives the order “Prepare to dive,” valves and 
vents are opened, allowing masses of seawater to rush into tanks 
aboard the craft, the precise amount being carefully controlled so 
that the sub will not sink beneath the desired depth. At a weight 
of 1,575 tons, the British “T” sub is submerged and in a state of 
neutral buoyancy; that is, the submarine can remain submerged 
and can move at varying levels with only minor changes in water 
ballast. 

The ballast tanks that fill with water, along with the fuel tanks, 
are built within the double steel hull of the vessel. The inner hull 
is extremely strong to withstand water pressure at great depths, 
and the outer hull is supported by the water in the tanks. When a 
submarine dives, power-operated vents admit water into a ballast 
tank in the front a few seconds before allowing water into the tanks 
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farther back. This causes the bow to dip first and the sub to glide 
gracefully below the surface. Hydroplanes — small horizontal fins 
on the hull of the sub — aid in directing and controlling the 
submarine while it is underwater. At the order to resurface, 
compressed air is forced into the ballast tanks, thereby propelling 
water out of the vessel and allowing it to rise. 

Older submarines ran on large diesel engines that were con- 
nected to generators. The electricity produced by these genera- 
tors drove the propellers. Since the engines required oxygen, a 
snorkel or breathing tube was developed during World War II so 
that the submarine could have access to air while traveling just 
under the surface of the water. At greater depths, storage 
batteries connected to the generator supplied the necessary 
power. In 1955 the first nuclear-powered sub, the U.S.S. 
Nautilus, employed a nuclear reactor to generate steam to drive 
propulsion turbines and turbogenerators. Since these subs don’t 
have to surface to recharge batteries, they may remain submerged 
for weeks at a time. 




How does o Xerox machine moke copies instantly? 

A Xerox machine seems a miraculous thing: it makes a clear, 
permanent copy of a document on ordinary paper in about 5 
seconds and the copy is sometimes easier to read than the original. 
Like many modern inventions, the Xerox copier should not be 
possible under the classical laws of physics laid down by Isaac 
Newton. The machine depends for its miracle on the manipulation 
of particles smaller than an atom and an understanding of light that 
did not exist until physicists Max Planck and Albert Einstein 
explained it at the turn of the century. They proved that light 
behaves like a stream of particles, called photons. 

Since then, technology has discovered the semiconductor, a 
substance that ordinarily does not conduct electricity but can do so 
under certain conditions. Electricity is a flow of electrons; in the 
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atoms of a semiconductor, electrons are usually too tightly bound 
to their nuclei to flow when a current is applied to the material. 
But when struck by photons vibrating at a certain frequency, the 
substance becomes a good conductor. This happens because each 
photon “kicks” an electron away from its nucleus, and the 
electrons are then free to flow. Compounds containing silicon, 
selenium, arsenic, germanium, or sulfide have this property. In a 
Xerox machine, a cylinder coated with semiconductor material 
receives light, forms a pattern of conducting and nonconducting 
atoms, and transfers the pattern to a piece of paper to make an 
image. 

When you place a document facedown on the glass top of a 
Xerox copier and press the “print” button, an aluminum cylinder 
beneath, coated with layers of the semiconductors selenium and 
arsenic selenide, begins to turn. An electrode sprays the cylinder 
with a temporary layer of positively charged particles that are 
pulled from molecules of air around the machine. Charged 
particles are called ions; the Xerox image is formed from a pattern 
of positive ions and neutral particles on the surface of the cylinder. 

A light beams up through the glass and across the surface of 
your document, and the image reflects off the page and back down 
at the cylinder. The white parts of the original bounce most of the 
light photons striking it onto the rolling cylinder, whereas the 
black areas of the page absorb light instead and reflect no photons 
onto the corresponding areas of the cylinder. It is at this stage that 
the semiconductor coating works its magic. Wherever a vibrating 
photon reflects off the page and strikes a semiconductor atom on 
the cylinder, that atom conducts electricity by “kicking” an 
electron in the atom away from its nucleus. (Electrons have a 
negative charge; bear in mind that opposite electrical charges 
attract each other, and like charges repel.) Once away from its 
nucleus, each negatively charged electron is attracted to the layer 
of sprayed-on positive ions outside the semiconductor layer of the 
cylinder; the electron combines with one ion and neutralizes it. 
(An electric current applied to the aluminum inside the cylinder 
replaces the electrons “kicked” from the semiconductor atoms.) 
Where the original page is white, the photons thus create an 
electrically neutral zone on the cylinder; the black areas of the 
page leave their corresponding unexposed regions positively 
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In a Xerox machine, photons ( light particles) strike the cylinder 
(whose surface is represented here in cross section) and “kick” elec- 
trons away from the layer of semiconducting selenium atoms (center 
layer). Those electrons, which are negatively charged, are attracted to 
the layer of positive ions above. Each electron combines with one ion, 
creating a neutral-uncharged-particle (black disks). The aluminum 
layer below feeds new electrons to the selenium atoms to stabilize 
them wherever electrons have been kicked away. The positive ions 
that remain on the cylinder after exposure (white disks) will attract 
negatively charged black toner and transfer it to the paper in the print- 
ing process. The neutral zones (black disks) will attract no toner and 
leave white areas on the copy. 
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charged, where no electrons flowed from the semiconductor to 
neutralize the positive ions. 

The black pigment or toner in a Xerox copy — it’s not ink — is 
made of tiny black spheres less than a millionth of an inch in 
diameter, called BBs by Xerox scientists. These BBs have a strong 
negative charge; while they are stored waiting to be used, they 
adhere to larger “carrier” BBs, which are positively charged. The 
purpose of the carrier BBs is simply to transfer toner from the 
reservoir to the image. After the image is flashed onto the surface 
of the cylinder, the cylinder turns until it pushes against the 
supply of toner. The positive charge of the unexposed areas of 
the cylinder is much stronger than the charge of the large BBs, so 
the small negative BBs are more strongly attracted and hop off 
onto the positive regions of the cylinder. 

Now the image formed in tiny BBs of toner, which adhere 
wherever the original document was black, is ready to print. 
Another quarter-turn of the cylinder brings it to a sheet of paper 
that has been given an even more powerful positive charge than 
the cylinder’s. The BBs hop off as they touch the paper. Then the 
paper is heated and pressed to melt the toner into its surface, and 
a finished copy finally emerges from the machine — still hot and 
full of static electricity, but hard to distinguish from the original 
within a few minutes. 

Meanwhile, the cylinder moves past a cleaning brush, which 
takes any remaining toner off its surface, and then is blasted with 
light to erase the old image and make the surface ready for the 
next copy. 
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How do they effect artificial insemination? 


Artificial insemination has been popular among cattle breeders 
for more than fifty years, for it enables a champion bull to sire 
50,000 prize offspring in one year. Although this is not exactly the 
goal among human beings, artificial insemination has been used 
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with increasing frequency since 1953 for a variety of reasons. The 
ability to freeze sperm almost indefinitely has allowed men to 
store sperm before undergoing a vasectomy, for example, or to 
preserve it in the case of possible radiation hazard. For oligosper- 
mic men — men with a low sperm count, less than 20 million per 
cubic centimeter — multiple ejaculates may be collected and 
stored. Through artificial insemination a woman can become 
pregnant by her husband when he is very old, or even after his 
death. And, of course, women with sterile mates can bear children 
through artificial insemination with another man’s sperm. 

Some doctors believe fresh sperm to be more effective than 
frozen, which inevitably lose some motility in the freezing process. 
Artificial insemination with fresh sperm may be done by an 
obstetrician or gynecologist in his office, for the process (which 
should be as painless as a Pap smear) consists simply of inserting 
semen into the cervix two or three times during one ovulation 
cycle. One way to do this is to “cap” the cervix with a cervical cap 
(resembling a diaphragm) that is filled with sperm. In another 
method the doctor uses a pipette, or little tube, to suck sperm up, 
then blow it into the uterine canal. Some gynecologists prefer to 
attach a syringe to the pipette in order to propel the sperm; the 
effect, however, is the same. By another method, known as high 
insemination, a plastic tube is placed high up in the canal, near the 
entrance to the uterus. A syringe attached to the other end of the 
tubing pushes sperm into the womb. In rare instances, such as 
when a woman has prolonged difficulties in becoming pregnant, 
the gynecologist fills the entire vagina with a Fertilopak. This is a 
tampon, or sort of plug, filled with sperm, which presses against 
the vaginal wall. Although conception may occur after only one or 
two inseminations, it is usually necessary to continue them 
through at least three menstrual cycles. 

Using frozen sperm requires triumphing over hazards such as 
ice crystal formation, dehydration, and increased salt concentra- 
tion. The key factor is finding the proper protective solution that 
will support and preserve the sperm. Glycerol is mixed with 
semen and suspended in liquid nitrogen at a temperature of 
— 196.5 degrees Centigrade. Recently, a seemingly obvious natu- 
ral material has proved to be another excellent protective agent: 
egg yolks. Semen mixed with an egg yolk-glycerol citrate solution 
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is sealed in glass ampuls or plastic straws and frozen in liquid 
nitrogen. Whenever sperm is needed, the solution is allowed to 
thaw simply by letting it stand at room temperature for about 30 
minutes — whereupon the physician uses the same technique he 
would employ when using fresh sperm. One advantage to frozen 
sperm derives from the ability to use sperm from the same donor if 
a woman with an infertile husband wishes to have children several 
years apart. 




How do they select donors at o sperm bonk? 

In the late 1950’s and throughout the 1960’s, new knowledge 
was acquired and new methods developed for the storage and 
preservation of human sperm. (See “How do they effect artificial 
insemination?” page 66.) The 1970’s saw the natural consequence: 
the advent of sperm banks and sperm as a salable commodity. 
Today there are nearly a dozen sperm banks scattered across the 
country, and the market for sperm is expanding. 

Donating semen at a sperm bank might seem like a quick, even 
pleasant, way to pick up some extra cash, however, most men are 
not eligible to do so. At the Idant Clinic in New York, initial 
screening consists of examination of a sperm specimen, and about 
80 percent of the candidates are immediately eliminated on that 
basis alone, as their sperm count is simply not high enough to 
justify storage. When sperm is stored in a bank, it is chilled 
rapidly to — 196.5 degrees Centigrade and maintained in cylinders 
of liquid nitrogen until required for use. Since a certain percen- 
tage of sperm inevitably dies from the trauma of this freezing 
process, it is essential to start with an exceptionally healthy 
specimen. The average American male has a sperm count of 50 to 
60 million per cubic centimeter, but Idant accepts no one with a 
count below 100 to 110 million per cubic centimeter. The clinic 
counts sperm three times on a modified electronic Coulter 
counter, a sophisticated machine (also used in hospitals to count 
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red and white blood cells) that counts sperm automatically. Less 
than a drop of semen is required for the count, thereby preventing 
needless waste. Technicians then magnify and televise the sperm 
on a monitor to check for normal or abnormal shapes. Another 
reason for rejection is insufficient motility: anything less than 65 to 
70 percent is inadequate, for motility, too, is reduced somewhat 
by freezing. If a candidate’s specimen does meet the initial 
requirements, it is frozen and quickly thawed to make sure that 75 
percent of the spermatozoa survive the process unchanged. 

Next the candidate is required to fill out lengthy questionnaires 
about his medical and genetic history and undergoes a complete 
physical examination. He is interviewed and a complete profile is 
drawn up, including his vocation, hobbies, religion, ethnic back- 
ground, height, blood type, and so on. While denying that their 
views are in any way racist, the Idant Clinic holds that many of the 
elements of the profile are actually hereditary factors. Great care is 
taken to establish similarities between the donor and the husband, 
because 99.9 percent of the couples who have children by artificial 
insemination never tell the child that the husband is not in fact the 
biological father. (It is interesting to note that about 10 percent of 
women now pregnant by artificial insemination are not married 
and live alone.) 

Because of touchy emotional and legal questions, a contract is 
drawn up between each donor and the sperm bank which ensures 
absolute anonymity. A donor may never know whether his sperm 
has been used successfully, and he will certainly never learn the 
identity of the mother, where she lives, or how many children she 
has had by him. Conversely, the mother can never discover the 
identity of the donor. 

Once accepted by the sperm bank, a donor may submit sperm 
quite frequently. He must, however, abstain from sex for three 
days between specimen donations, because after ejaculation 
sperm count decreases. Each specimen is analyzed on culture 
plates for traces of contamination or venereal disease, and the 
donor is paid ($20 per specimen) if the ejaculate proves accept- 
able. 
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How do they know what the speed of light is? 


The velocity of light and how to go about measuring it evaded 
Galileo in the early part of the seventeenth century when, after 
experimenting with lanterns, all he could deduce was that light 
goes fast. The problem with his efforts was that light travels far too 
rapidly for its speed to be detected over the small distances with 
which he was experimenting. It took a study of light coming all the 
way from Jupiter for astronomers to solve the mystery. 



Seventeenth-century astronomers observed that Jupiter’s moon Io 
emerged from the planet’s shadow progressively later than predicted. 
As Earth moved in its orbit from Point A to Point B, it was farther 
and farther from Io, whose light therefore took longer to reach Earth. 
From calculations of the difference between predicted and actual 
times of Io’s eclipse, and knowledge of the movements and distances 
of the planets, astronomers were able to determine the speed of light. 
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In the mid-seventeenth century, astronomers at the Paris 
Observatory were studying the revolution periods of the moons by 
Jupiter. By observing when the innermost satellite, Io, disap- 
peared behind Jupiter, was eclipsed, reappeared on the other 
side, and passed across Jupiter to disappear again, they calculated 
that it took Io 1.75 days (1 day and 18 hours) to complete a 
revolution. Thereafter, they should have been able to predict 
precisely when Io would be eclipsed. But a perplexing problem 
arose. The first observations were made when Earth was between 
Jupiter and the sun — that is, when Jupiter and the sun were in 
opposition. As Earth moved around the sun and thus farther away 
from Jupiter, the eclipses of Io occurred minutes later than the 
predicted times. When Earth had revolved to the opposite side of 
the sun from which observations were first made — that is, when 
the sun lay between Earth and Jupiter — the eclipses of Io were 
16% minutes late. 

In 1675 Ole Romer, a Danish astronomer, came to the rescue of 
the baffled French. He realized that the delay in eclipses was not a 
result of any inherent change in either Jupiter or Io, but rather in 
the amount of time it was taking Io’s reflected light to travel to 
Earth. He knew that the delay in the eclipses was 16 minutes 40 
seconds, or 1,000 seconds, and he knew (from the findings of 
astronomers at Paris and at the French colony of Cayenne in 
French Guiana in 1672) the distance from Earth to the sun to be 
93 million miles. Since Earth was now 186 million miles (the 
diameter of Earth’s orbit around the sun) farther away from Io 
than when the first observations were made, Romer arrived at the 
momentous conclusion that light travels at 186,000 miles per 
second. 




How do they know how hot the sun is? 

Although the sun is 93 million miles away, we can tell what the 
temperature is on its surface because we can measure the 
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frequencies of the light waves it sends us. Things at high 
temperatures generate a lot of light of very high frequency (or 
short wavelength); the frequencies sent out by the sun are the 
“signature” of an object at about 11,000 degrees Fahrenheit. 

Light consists of the regular motion of magnetic fields caused by 
the vibration of the negatively charged electrons in a substance 
such as the sun — or, for that matter, a light bulb or a chair. The 
electrons vibrate because they are being excited by heat; to say 
that something is hot means that its molecules are colliding very 
frequently. The hotter the object, the faster its electrons are 
forced to vibrate by the collisions of the molecules containing 
them. The magnetic fields made by the electrons move back and 
forth very frequently, producing a large number of wave fluctua- 
tions in each second (cycles per second or cps). The hotter the 
object, the higher the peak frequency of the energy it emits. Since 
light always travels at the same speed of 186,000 miles per second, 
the higher the frequency, the shorter the wave. 

You can see the relation between heat and light frequency in 
everyday life: a poker left in a fire turns from black to dull red to 
bright orange as it heats up; the fire itself is even hotter and makes 
a higher-frequency “yellow” light. Burning stove gas is hotter still, 
giving off a peak of “blue” light from the high-frequency end of the 
visible spectrum. 

The solar temperature is estimated by comparing the light given 
off" by flames on Earth with the light of the sun. Sending light 
through a glass prism makes a long band or spectrum of light that 
looks different depending on the elements in the sample and their 
temperature: hydrogen, helium, and traces of other elements at a 
man-made 11,000 degrees Fahrenheit make the same spectral 
pattern as sunlight. Thus have we concluded that that is the 
composition and temperature of the sun. 

The latest and best estimates of the sun s surface temperature 
have come from spectral readings taken by satellites and space- 
craft, which can measure the sun’s energy output from above the 
atmosphere, avoiding any confusion caused by the atmosphere’s 
filtering effect. Gases in the atmosphere absorb many of the lower 
and higher frequencies before they reach us on Earth; this is 
fortunate for us, since life probably could not have developed if it 
were constantly subjected to a deadly fusillade of cosmic, X, and 
gamma rays. 
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It is no coincidence that the sun’s peak frequency — the fre- 
quency at which something sends out the most energy — is the 
span of wavelengths we call visible light. Human eyes evolved 
under the light of the sun, and the most efficient way to collect the 
most information about the world is to “see” as much energy as 
possible bounding off it. The most direct way for an evolving 
organism to do this is to develop a sensitivity to the most abundant 
frequency. 
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How do they generate electricity? 

A simple combination of motion and magnetism underlies the 
creation of electricity by turbine generators. In the mid-nine- 
teenth century scientists found that an electric conductor passed 
near a magnet and through its magnetic field picks up an electric 
current. In generators today, the magnet is a huge electromagnet 
bolted to the shaft of a turbine. As the turbine rotates, the 
electromagnet and its magnetic field also spin, sending an 
electrical current into several miles of copper wire wound inside a 
shell surrounding the magnetic field. The current is then con- 
ducted from the wires by cables. 

A variety of fuels and methods may be used to turn the fanlike 
metal blades, or vanes, of the turbine. Some plants burn oil, gas, 
or coal to boil water into steam, which is heated to 1,000 degrees 
Fahrenheit and to pressures of 2,400 pounds per square inch. This 
extremely hot steam pushes against the turbine vanes, causing 
them to turn rapidly. In gas turbines a distillate fuel, similar to 
diesel oil, or occasionally natural gas is used. The fuel is burned 
and thrust out of a combustion engine as a hot, expanded gas, 
which turns the turbine and then passes out through exhaust 
stacks into the air. If the generator is near a river, falling water can 
spin the turbine. Other natural sources of power include wind, 
tides, and rays from the sun. 

In nuclear plants, steam pushes the turbine vanes, but the 
source of heat for the steam is entirely different from that in a 
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conventional plant. A nuclear reactor vessel is composed of 
thousands of tubes that contain uranium, or some other fissionable 
material. Control rods, which can regulate the amount of fission, 
are inserted into this fuel core to start up the operation: neutrons 
from uranium atoms are set in motion, the uranium atoms split, 
and in the resulting chain reaction the uranium neutrons split 
other atoms, releasing neutrons that split millions of other atoms, 
and so on. The amount of heat produced in this fashion to fuel the 
generator is, of course, tremendous. 




How does a Contoc time-release capsule know when to 
release? 


In the late 1940’s Don MacDonnell of Smith Kline & French, a 
pharmaceutical company, went into his local grocery store and 
lighted upon a jar of “petites” — tiny candy beads used for 
decorating pastry. Scientists at the time were searching for a form 
of medication that would release slowly, and the candy provided 
MacDonnell with a clue. 

Several years of research and testing resulted in the manufac- 
ture of “the capsules that think” — capsules containing some 300 to 
900 “tiny time pills” which dissolve in the system gradually, 
freeing the user from having to take additional doses every 3 or 4 
hours. The “Spansule” capsule of Smith Kline & French, used for 
a variety of medicines including Contac, is designed to dissolve 
evenly and slowly with no “peaks,” “valleys,” or “fade-outs.” But 
how do the tiny pills or pellets inside “know” when to go to work? 

Each pellet consists of a central core of sugar and starch, known 
as a starting core. Millions of the cores are placed in a large drum 
that resembles a cement mixer. As the drum rotates, medication is 
added as a powder or solution and distributed evenly over the 
cores. They are then coated with digestible dyes for identifica- 
tion — not of the individual pellets, but of the product as a whole. 
Finally, an outer waxy coating is applied in the same manner as 
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the medication. Pellets in different pans receive different amounts 
of coating, so that some will release almost immediately, others 
more slowly, as the digestive system wears off the waxy coating. 

Of the 600 tiny pellets in one Contac Spansule, some go to work 
about 30 minutes after ingestion. The pellets are not designed to 
release, say, all the antihistamines first, then all the deconges- 
tants, and so on, but rather to distribute medications evenly over a 
12-hour period. 


How do they tell whose shirt is whose ot a laundry? 

When you drop off two or three shirts at a laundry, they 
generally go into a machine with at least a dozen others. To keep 
track of whose shirt belongs to whom, laundry workers actually 
write on each shirt — sometimes you can see it, sometimes you 
can’t. 

One method of differentiating shirts involves writing a series of 
numbers or letters in indelible ink on the inside of the collar. A 
customer may retain the same number from one laundry service to 
the next. 

The other widely used method of keeping track of a shirt’s 
identity is known in the business as “phantom marking. ” Three or 
four numbers or letters are written on the inside of the collar in a 
special ink that can be seen only under ultraviolet light. Before 
each shirt is washed, the number (which also appears on the ticket 
with which you retrieve the clean clothes) is marked on the collar. 
Although some laundries then wash the shirts in net bags, this is 
generally done to protect the garment rather than to separate it 
from others. After the laundry is dry, a worker passes the shirts 
under ultraviolet light, sorts, and packages them — the entire 
process often occurring in plants outside the laundry where you 
leave the shirts. 
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How do they build o subway under a city? 


The first step is to chart the subway precisely, taking note of all 
underground utilities, existing subways, foundations, and soil and 
rock conditions. If the route happens to coincide with the path of a 
street, or if it lies beneath clear areas above ground, a “cut-and- 
cover” method of digging trenches at the surface several blocks at 
a time may be used. If, on the other hand, the surface is occupied 
by buildings, plowing through them for the sake of constructing an 
underground tunnel may not be the wisest approach. When the 
streets and buildings of a bustling city cannot be disturbed, 
subways are made by digging very deep shafts from which the 
tunnels are bored. 

If the cut-and-cover method is possible, the construction crew 
marks out on the street the exact dimensions of the trench and 
inserts heavy vertical members on each side of the street. Steel 
beams are placed to span the vertical members. The crew then 
proceeds to dig along the designated path of the tunnel. Twelve- 
inch-thick wooden beams or steel plates are placed across the 
street to provide a temporary road and a platform from which to 
lower material into the trench. It is essential to divert all utilities 
with temporary pipes and ducts, or to support them as the digging 
progresses with horizontal beams, or shoring. Any water seeping 
into the trench is channeled into sewers. The floor of the tunnel is 
constructed first, then the sides, with the aid of supporting rods. 
Electrical cables for power, signals, and emergency systems are 
pulled through ducts in the wall to vaults sited every few hundred 
feet along the tunnel. When the formwork for floor and walls has 
been erected, the crew pours concrete through long funnels and 
constructs the ceiling. The tunnel structure thus complete, tracks 
and lighting are installed and the outside of the tunnel coated with 
waterproofing. The crew then fills the trench to street level with 
compacted gravel and soil. 

If a deeper tunnel is required, or if the route of the tunnel 
passes under city buildings, the second method of construction is 
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On the left, a subway is being built by the cut-and-cover method. As 
the route of the subway coincides with the path of the street, trenches 
have been dug along the street several blocks at a time and then cov- 
ered while construction continues. On the right, men dig a deeper sub- 
way by the tunnel method of boring through the earth and hoisting 
rock and soil up the shaft. 
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used. Deep vertical shafts are dug at regular intervals along the 
charted path of the subway. Steel lining supports the shafts to 
prevent mud slides and collapse. It is through these shafts that the 
“muck” (soil and rock) from digging is removed and fresh air 
pumped in through ventilator pipes. 

Deep down in the earth, workers bore away with high-powered 
drills and boring machines. When they face hard clay or solid 
rock, they drill small holes into which they insert explosives. The 
ensuing rubble is carried away in carts. The sides of the hole 
(slightly larger than the size of the finished tunnel) are covered 
with a steel tube called a shield. (In solid rock this shield may not 
be necessary.) Segments of the shield are lowered down the shaft 
and erected a piece at a time; jacks are used to advance the pieces 
through the earth. The segment at the top and front of the 
advancing tunnel always protrudes somewhat to obstruct any rock 
and soil that might fall. An inner face for the shield is then 
constructed out of cast iron or precast concrete. Crews can work 
simultaneously in different shafts, since precise measurements 
have of course been made in advance so that the tunnels will 
meet. 

Ground containing a great deal of water presents another set of 
problems. The air pressure at the face of the tunnel must be 
increased considerably to prevent water from rushing in. This 
involves construction of two parallel concrete walls within the 
tunnel; high pressure is maintained between one wall and the face 
of the tunnel. Between the two walls is a compression chamber, 
where the workers must remain for a while to adjust when passing 
back and forth between the normal and high-pressure areas. Steel 
doors with air locks are constructed in the walls to permit passage 
without loss of pressure. 

After completing the tunnel, the workers construct tracks and 
string cables along its cylindrical sides. The original construction 
shafts may be left in place to be used for stairways and elevator 
shafts, and through which to install ventilating fans to propel fresh 
air into the tunnel. 
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How does the IRS decide which taxpayers to audit? 


Visions of auditors and interminable interrogations may rattle 
your nerves as you mail in your tax return each year, wondering 
whether an inscrutable Big Brother will select you as the lucky 
host to an IBS agent. There is no surefire answer to the question of 
who will be audited, but you can be aware of some factors that are 
likely to increase your “audit potential.” For when a return comes 
in and is keypunched and checked for mathematical accuracy, if all 
is correct and a refund is due, a check is mailed out to you. But, 
though you may sigh with relief and proceed to spend the money, 
you remain liable for an audit for a full three years. 

The IRS feeds all returns into a computer, which assigns them a 
score based on a scientifically measured system known as discrimi- 
nant function (DIF). Your return is compared with a complicated 
set of standards, arrived at partially by deductions claimed by 
others in your income bracket. An average profile is established, 
and if your return varies drastically, it is flagged by the computer. 
The higher the DIF score, the higher the potential for audit. 
Furthermore, the higher your income and deductions, the greater 
your chances of a high DIF score — because there are fewer 
taxpayers at progressively higher income levels, the likelihood of 
varying from the standard is greater. Of the 85.6 million returns 
filed in 1976, 1.7 million were examined, and among those only 
3.45 percent were in the $10,000-and-under adjusted gross 
income bracket (total income minus deductions), whereas 11.35 
percent were drawn from the $50,000-and-over bracket — and only 
.7 percent of all taxpayers that year reported a gross adjusted 
income of more than $50,000. 

The IRS wishes to find those returns with the greatest proba- 
bility of “change” in tax liability, for if no change occurs there is 
little purpose to the audit. Over the past several years 70 percent 
of all those audited had to pay additional tax, 7 percent received a 
refund, and 23 percent of the audits resulted in no change. 

If your return comes out of the computer with a high DIF score, 
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an agent reviews the return to determine whether or not it has 
“audit potential” and is worth pursuing. Does the refund seem 
high in relation to your income and exemptions? Are your 
deductions appropriate? Most audits of individual taxpayers result 
from the need to verify high deductions, such as for charitable 
contributions, travel expenses, and medical bills. In scanning your 
return, an agent considers whether or not you might be moon- 
lighting and failing to report a certain income, or receiving money 
in interest and dividends that fails to correspond to what you are 
claiming, and whether or not it seems feasible for you to support 
yourself (and a family if you have one) on the reported income. If 
you own a business, the agent investigates the gross profit ratio 
and also checks whether a standard deduction was taken with a 
large gross income and low net. Frequently, a letter is simply 
mailed to you requesting verification, but if further information is 
necessary, an agent pursues the audit, examining the relevant 
parts of your tax return — not necessarily the entire return. 

Even if you are scrupulous about your deductions and careful to 
report all income — honest from start to finish — the IRS may not 
leave you in peace. There is another system by which you may be 
selected at random for thorough examination. The Taxpayers’ 
Compliance Measurement Program (TCMP) is a relatively new 
services enforcement and research program which measures 
taxpayers’ compliance with tax law. Returns are chosen at random, 
all of which are examined. But because these audits are extremely 
intense and take a considerable amount of time, samples are taken 
only about every three years. Of the 85.6 million individuals who 
filed returns in 1976, 50,000 were selected for audit by TCMP, 
and only 22,500 passed — that is, got away with “no change.” 
Individuals and corporations alike are measured by TCMP, and 
pertinent information is used to update and improve the DIF 
system. 
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How do they teach dogs to sniff out drugs at borders, bombs 
at airports? 

Hiding your marijuana in an unlikely cranny of your car or 
wrapping it in clothes doused with perfume won’t fool a dog 
properly trained in narcotics detection. Although training begins 
as a simple exercise in retrieving, an intelligent, hardworking dog 
can learn to uncover up to three different kinds of drugs — even 
when the scent it smells is 90 percent detractor and only 10 
percent narcotics. 

The Army and the Air Force actually maintain schools for 
training dogs to sniff out drugs or bombs. More than olfactory 
acuity is required in a dog trained for such purposes — it must be 
willing to retrieve repeatedly without losing interest. German 
shepherds and, occasionally, Labrador retrievers are used. The 
dog must be taught to discern a particular scent and to alter its 
behavior when it does so. In the presence of bombs, for example, 
the dog may be instructed to sit or lie down upon discovering the 
scent; it could of course be disastrous if the dog tried to ferret out 
explosives. 

If all runs smoothly, initial training in marijuana detection takes 
approximately ten weeks. Necessary equipment includes about a 
half kilo of marijuana, a harness, and a 25-foot line. (Early attempts 
at teaching dogs to find heroin failed utterly, for during the 
training process the dogs became addicted by sniffing the stuff and 
eventually died. More recently laboratories have been able to 
divide heroin into individual components and manufacture a 
material bearing the scent of heroin whose formula is highly 
classified.) The first step is to get the dog interested in an ounce of 
marijuana, placed in a small plastic bag and wrapped sufficiently to 
protect it from the dog’s teeth. At one point the Army used gauze 
around the marijuana to soak up saliva — but suddenly discovered 
that the dogs were being trained to sniff out bandages rather than 
dope! If the dog naturally likes to retrieve, the training process is 
easier. Much as in training a dog to retrieve, say, a stick, the 
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handler tosses the bag about 10 feet and encourages the dog to 
bring it back, with praise and rewards for successful completion of 
the retrieve. 

Later, the handler asks the dog to stay while he hides the bag at 
a particular distance, so that the dog must depend on its nose — not 
its eyes — to find the bag. After about a month of such work, the 
dog may be ready to find the bag in luggage and packages. At first 
there may be only two from which to choose; later, more may be 
added. Then the handler hides the bag in a car or a building, the 
complexity of places increasing only as long as the dog succeeds. 
After two months the handler begins to disguise the marijuana 
with nearby articles smelling of perfume, formaldehyde, or some 
other scent frequently used by dope smugglers. The percentage of 
scent of the detractor in relation to that of the marijuana may be 
increased gradually. The handler can then cross-train the dog to 
find other types of narcotics or to discern black powder, sulfur, 
and other materials used in making bombs. 
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How does truth serum work? 

The plain fact is it doesn’t — at least not well or consistently 
enough to be accepted by our legal system as a reliable means of 
extracting the truth from unwilling subjects. Most courts of law do 
not admit information produced by drug analysis as legal evi- 
dence. 

The catchy phrase truth serum appears to have lodged in the 
public imagination many years ago; and, like lie detector, it seems 
to have been taken at face value. It was coined in the early 1920’s, 
when an American anesthesiologist named T. S. House popu- 
larized a new anesthetic called scopolamine with the graphic term 
truth serum. House claimed that his drug could induce patients to 
tell the truth, whether they wanted to or not, as they emerged 
from unconsciousness, and in those less sophisticated times — 
abetted by a sensational Alabama murder trial, in which a gang of 
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men confessed to an ax killing under the influence of scopola- 
mine — the legend of “truth serum” was fixed. 

That legend was never medically justified. Neither scopolamine 
nor its successor “truth drugs,” most psychiatrists agree, are any 
more reliable or effective than alcohol in drawing out the truth. A 
Yale University study concluded that “suspects who would not 
ordinarily confess under skillful interrogation without drugs are 
just as likely to continue the deception while under the influence 
of drugs. ” The authors added that moral masochists — persons with 
strong self-punitive tendencies — may confess to crimes never 
committed. And character neurotics may invent elaborate lies or 
continue earlier patterns of lies. 

Today, most drugs used as “truth serums” are the barbiturates 
sodium amytal and sodium pentothal, administered by intra- 
venous injection. Both depress higher brain functions such as 
counting and reasoning. By mechanisms still not understood, a 
patient may become more talkative and more open and less afraid 
while under the influence of these drugs. Psychiatrists have found 
that this tendency may relieve some symptoms of mental “block- 
age,” such as muteness or hysterical amnesia. 

But much the same effect can be gained by a potion known since 
the time of Pliny the Elder: in vino veritas — “in wine lies truth. ” 
The multisyllable truth drugs of today, ballyhoo notwithstanding, 
produce no better results than a simple dose of booze. 
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How do they get the stripes onto Stripe toothpaste? 

Although it’s intriguing to imagine the peppermint stripes 
neatly wound inside the tube, actually the stripes don’t go onto 
the paste until it’s on its way out. A small hollow tube, with slots 
running lengthwise, extends from the neck of the toothpaste tube 
back into the interior a short distance. When the toothpaste tube 
is filled, red paste — the striping material — is inserted first, thus 
filling the conical area around the hollow tube at the front. (It must 
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white paste 


not, however, reach beyond the point to which the hollow tube 
extends into the toothpaste tube.) The remainder of the dispenser 
is filled with the familiar old white stuff. When you squeeze the 
toothpaste tube, pressure is applied to the white paste, which in 
turn presses on the red paste at the head of the tube. The red then 
passes through the slots and onto the white, which is moving 
through the inserted tube — and which emerges with five red 
stripes. 





How do they predict solor eclipses? 

“The day was turned to night” reads an inscription on a 
Babylonian tablet, describing the total eclipse of the sun of July 
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31, 1062 b.c. Eclipses were momentous and terrifying events in 
ancient times; the Babylonians took them to be signs from the 
gods. They are less mysterious to us in the twentieth century, now 
that we understand our solar system better and can even predict 
when an eclipse will occur. Nevertheless, a total solar eclipse is 
still a startling event: the black circle of the moon slides in front of 
the sun and seems to swallow up its light, although the fiery 
corona of the sun still burns around its edges like a halo. The earth 
becomes unnaturally dark and quiet for several minutes as people, 
birds, and animals look up in puzzlement or fear at this strange 
interruption of their light and warmth. 

When the moon, as it orbits Earth, passes between Earth and 
the sun, it totally obstructs some region’s view of the sun, 
somewhere in the world. This phenomenon doesn’t happen every 
time the moon orbits Earth ( every month) as one might expect, 
because the moon’s orbit of Earth is tilted in a different plane from 
Earth’s orbit of the sun. The orbits cross only once every six 
months in what are called the eclipse seasons. Each eclipse season 
is a month long, during which time an eclipse occurs somewhere 
on the earth when the moon lines up between an observer and the 
sun. For an eclipse to be total, with the sun completely blocked, 
two more conditions must be fulfilled: 

1. The moon must be in that part of its elliptical orbit where it 
passes close enough to Earth that it appears to obscure the sun 
completely — even though the sun is really much larger. When the 
moon is not sufficiently close, an annular eclipse results ( annulus is 
Latin for “ring”), with the yellow perimeter of the sun showing 
clearly around the shadow, instead of just the thin, ghostly corona 
of the total eclipse. 

2. The other criterion for a total eclipse is that the moon’s 
shadow pass across the center of the sun; partial eclipses result in 
geographical regions where all of the sun is not covered and the 
moon seems only to be taking a bite out of it. Since the moon is so 
much smaller than the sun, eclipses affect only certain areas of the 
world at a time. A total eclipse happens somewhere on the earth 
only every 2 or 3 years. A given spot can experience a total eclipse 
only once every 360 years. 

How can anyone tell this? Stargazing is probably the oldest 
scientific pursuit. In the process of observing the points of light in 
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the heavens — how they seemed to move in relation to one 
another — man has come up with many different explanations for 
the system that would produce what he sees. Four thousand years 
ago the people of Stonehenge used their boulders as an immense 
astronomical timer, telling the seasons by the positions of stars 
sighted along different rocks; some scientists think the stones were 
used to predict eclipses. Ancient Chinese civilizations were 
certainly able to predict them, without necessarily understanding 
them. 

From the earth, the stars seem fixed relative to each other, 
whereas the planets are independent, moving at different speeds, 
seeming to double back on themselves as they traverse the sky, 
forming looped trajectories over the course of a few months. 

(. Planets is from the Greek word planetes, or “wanderers.”) Until 
the sixteenth century, mankind assumed that Earth was the center 
of the universe; then the Polish churchman Nicolaus Copernicus 
came up with the simplest explanation for what he saw. Since 
Copernicus’s model fits in with other knowledge we have acquired 
since his time, we accept it as fact: the moon indeed orbits Earth, 
and the planets all orbit the sun. (We have refined his model over 
the centuries, so that it better suits our purpose of understanding 
and predicting astronomical events.) 

Now, the calculation of eclipses for American scientists is 
carried on with computers in the U.S. Naval Observatory in 
Washington, D.C. Into those computers is fed the latest informa- 
tion gleaned from instruments planted on the surface of the moon 
by the Apollo astronauts; we know better than anyone in history 
the shape of the moon and its distance from us at different times. 
Identifying which lunar mountains and valleys will lie along the 
perimeter of the moon at the time of an eclipse tells us the shape 
of the shadow it will cast — and therefore who will see the eclipse 
and when. The technology of prediction is still being refined; we 
are even now as much as 5 miles off at predicting the “edge of 
totality” — the borderlines of the areas on the earth where the 
eclipse is total — but our timing of the period of totality is now 
correct to within a second or two. Considering the sizes of the 
bodies involved, such accuracy is impressive. 

The last total eclipse in the United States was on February 26, 
1979, along an arc-shaped swath of territory in the Northwest 
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extending into Canada. The next will be in Alaska in 1990, and in 
Hawaii in 1991. An annular eclipse will take place in the 
southeastern United States in 1984. 

Why, finally, do scientists bother to keep such careful track of 
eclipses? It would probably make us nervous if they didn’t, but 
there are also many practical reasons: to find out more about the 
sun, the stars, the climate on the earth, and even energy 
production. During total eclipses, and only then, we can observe 
and photograph the solar corona. The corona is the faint outer 
region of the sun. Its light is too weak to be seen during the day, 
since the blue of the sky itself is much brighter; and at night, 
obviously, the sun is obscured from us by the earth. But during a 
total eclipse, the lunar shadow covers the main light-generating 
area of the sun, so its rays do not scatter off the air molecules in 
front of us to make a bright blue sky. Instead, the sky is dark, and 
the glowing gases of the corona appear around the edge of the 
moon. Sunspots — “weather” on the surface of the sun — seem to 
have an effect on weather on the earth, and we can watch those 
tempests raging in the corona better when the full blaze of the sun 
does not overload our instruments. Our observation of the gases of 
the sun’s corona is helping our efforts to make energy from a new 
source, which does not begin in Arabian oil wells or leave vast 
quantities of deadly radioactive waste behind: atomic fusion. In 
fusion, energy is released when two atoms are joined. It is cleaner 
and more powerful than conventional nuclear power, which is 
based on fission or the splitting of atoms. 

Fusion occurs only under incredibly high temperatures such as 
those on the sun (11,000 degrees Fahrenheit and hotter), where 
gases are compressed by the attraction of the sun’s powerful 
magnetic field. Scientists in the United States and the Soviet 
Union are trying to make fusion occur by compressing gases in a 
man-made magnetic field inside a huge, doughnut-shaped reactor 
called a tokamak. During total eclipses, energy researchers 
analyze the corona to understand better how gases behave under 
extreme pressure, to improve the design of fusion reactors. 
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How do they time stoplights to keep traffic moving? 

Although one sometimes wonders whether downtown traffic 
moves at all, the traffic lights are timed to help clear congestion 
and keep the arteries moving at a regular pace. When plotting the 
timing of lights in a certain area, a traffic control department has to 
consider how fast the traffic should move, the length of the blocks, 
whether the street is one- or two-way, and also the volume of 
traffic. The stoplights in New York City are generally gauged for 
traffic moving at 23 to 30 miles per hour. If a light on a main 
avenue turns green at 40th Street, the one at 41st Street will 
change 6 seconds later, and that at 42nd Street 6 seconds after 
that. This progressive system works quite effectively on one-way 
streets, but would obviously cause complications if traffic were 
coming the other way. On two-way streets a group of signals — say, 
four at a time — all change at once. This number naturally depends 
on the distribution of stoplights and the length of the blocks. 

The signals in New York are based on a 90-second cycle, staying 
green for 60 seconds on main streets, 30 seconds on side streets. 
Many communities also vary the cycle according to the time of day 
and the preponderant direction of travel. 



How do they turn on street lights automatically? 

The magic lies in a little metal box with a glass top perched high 
up on the pole of one light in a given area. Inside is a highly 
sensitive photoelectric cell which reacts to the absence of light. 
When it gets dark, the cell automatically closes the circuits, 
allowing electricity to run through and turn on the particular 
series of lights. With the first light of dawn, the “eye” opens the 
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circuits, causing the lights to go off. The amount of light or 
absence of light necessary to stimulate the cell can be varied from 
one device to another in order to accommodate varying conditions 
in different areas; some streets receive direct light from the sun, 
for example, whereas others are shrouded by the tall buildings or 
trees. 




How do they count populations of animals? 

Humans are the only beasts who use telephones or permanent 
addresses, or fill out census forms. How are the other animals 
counted? How can anyone tell that the timber wolf and the 
California condor are rare and “endangered”? How do we know 
how many robins chirp every spring? The task of taking a census of 
wild animals is one of the most difficult in biology. 

The methods of enumeration scientists use vary with the 
species; its size, behavior, and habitat make certain ways more 
practical than others. The best way to count ducks, whistling 
swans, elephants, antelope, caribou, and timber wolves is to fly 
over them in a helicopter or bush plane and count them one by 
one, taking photographs to verify the number. This is obviously 
not a good method for counting field mice; they are too small to be 
seen from the air, are too well camouflaged by the color of their 
fur, and spend too much time in their burrows. The only way to 
determine the number of mice living in a field is by “saturation 
trapping” — catching every single mouse until no more are left and 
counting them. 

Lizards are counted by the “capture, recapture” method. To 
find the population in a certain area, a herpetologist (one who 
studies reptiles and amphibians) might catch 50 lizards, mark 
them all with a harmless paint or metal tag, and set them free 
again. After a few weeks, the marked lizards have dispersed back 
into the general population. The scientist then captures another 50 
lizards and finds that some of this batch are creatures he marked in 
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his first catch, and some are unmarked — meaning they were not in 
the first batch. The herpetologist’s next step is to make assump- 
tions for the purpose of his census. He assumes that the new batch 
of 50 marked and unmarked lizards is a representative sample — a 
microcosm — of the population as a whole. He assumes that after 
he marked the first 50 lizards and released them, they distributed 
themselves at random throughout the population. Thus, when he 
catches the second 50 and finds that he earlier marked, say, 10 of 
them — or 20 percent — he assumes that 20 percent of the entire 
lizard population is marked. He knows that he originally marked 
50 lizards; concluding from the second sample that 20 percent 
were marked, he assumes that 50 is 20 percent of the total 
population. Since 5 X 20% = 100%, 5 times 50 lizards is the 
whole population: 250 lizards. 

Fish are counted a similar way. Experimenters put a knockout 
solution in the water, which does the fish no permanent harm but 
makes them float to the surface belly-up. They then collect the 
fish, count them, mark them with dye or tags, and revive and 
release them. The same number are later recaptured, the marked 
ones counted, and the total figured as for lizards. 

How about animals that are harder to grab, such as songbirds? 
Ornithologists often use a grid system in a wooded area to get an 
approximate number. They mark evenly spaced, parallel straight 
trails through the region that interests them. People carrying pads 
and pens walk down the trails in a phalanx, each member keeping 
another in sight to the left and right, counting every bird they see 
or hear. Each member only counts birds observed a certain 
distance to either side of him, so that two people don’t count the 
same bird. This ritual is performed several times and the results 
averaged. 

How does one count things as small as the microscopic plankton 
that live in the ocean? A sample of ocean water is whipped around 
in a centrifuge, so that all the solids collect at one end, including 
the tiny plankton. This residue is slid under a microscope bit by 
bit and the plankton counted. That gives the plankton per unit 
volume of ocean water. 

As you can see, different methods are needed to keep track of 
animals living in different niches or habitats. To get an idea of the 
total number of a species in an entire region or country (or planet), 
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scientists determine the size of the habitat available to the species, 
instead of counting individuals, and multiply by the number of 
individuals that usually live in a given area of habitat. It is in the 
nature of living things that they fill any habitat with as many 
individuals as the food and space in the area will allow. 

Knowing the number of acres of woodland, mountain, prairie, 
and city in the United States, we can arrive at a ballpark estimate 
of 6 billion land birds of all kinds in the country. By contrast, some 
water birds such as the whooping crane are not nearly so 
adaptable; whoopers can live only in certain areas of Texas 
marshland, where about 100 nest each year. 

Other forms of life build on a minuscule scale and fit vast 
numbers of individuals into their ecological niches. Insects have 
adapted through evolution to live in an incredible variety of 
conditions. The world population of insects in their many habitats 
is estimated to total a billion billion, or 10 to the 18th power 
(10 18 ) — the number 1 followed by 18 zeroes. That’s roughly a 
billion times the world’s human population; if the world insect 
population were represented by a bucketful of sand, the human 
population would be a single grain of sand in that bucket. More 
amazing still, if we look closely at the bodies of those insects, we 
find as many as a hundred thousand one-celled animals called 
protozoa living in the digestive tract of each insect, eating what the 
insect is unable to digest. There are therefore about 10 23 of these 
digestive protozoa living in the world’s insects. That number is 
greater than the number of stars in the universe. 

As Jonathan Swift wrote after the invention of the microscope, 
which revealed for the first time the existence of protozoa, animals 
smaller than the naked eye could see: 

Big fleas have little fleas 
Upon their backs to bite’em ; 

And little fleas have lesser fleas, 

And so ad infinitum. 
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How do they determine whether o species is endangered or 
extinct? 

A very small mammal or insect endemic to a particular area 
might be considered endangered while several million are still 
known to be alive, but a lesser number of another species, spread 
out over a broad area, would not give rise to concern. Determin- 
ing whether or not a species is endangered is a complex task for 
which no fixed criteria exist to be applied across the board. Just as 
the species and subspecies of animals and plants are multi- 
tudinous, so are the variables that enter into an evaluation of their 
status. In the small-scale example, the nature of the habitat is 
significant, for if the specific area were destroyed by pollution, or a 
natural disaster, all existing members of the species would go with 
it. 

Just such a situation surrounds a particular subspecies of wren 
endemic to San Clemente Island off the coast of California. Just 
prior to World War II, farmers and ranchers brought goats and 
pigs to raise on the small island, which stretches 13 miles and is 
only 1 to 3 miles wide. During the war, the Navy used the island 
as a bombardment range to test artillery, which naturally de- 
stroyed some vegetation. In addition, the goats and pigs multi- 
plied so rapidly and devoured so much of the grass and lower 
vegetation that by 1955 the wrens and several other species of 
birds were in desperate need of shelter. With the plants that used 
to provide a cover gone, the wrens became endangered — and 
finally extinct, for no one has seen one since 1960. Five or six 
species of plants are also severely threatened. 

The fecundity of a species is another factor weighed in deter- 
mining whether or not it is endangered: how frequently its 
members reproduce, what percentage of newborn members 
generally survive, how many offspring are produced at a time, and 
so on. Average life span and rate of reproduction are especially 
important considerations when authorities decide how long to wait 
after an animal’s or plant’s last sighting before calling it extinct. 
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Although a decision might be arrived at after only a year in the 
case of, say, fruit flies, a 50- to 60-year wait might be justified in 
the case of a species of condor with an average life span of 30 years. 

In the United States the director of the Fish and Wildlife 
Service in the Department of the Interior determines which 
animal species to call endangered, based on the most up-to-date 
and thorough scientific and commercial data available. Those data 
come from specialized biologists, botanists, and naturalists work- 
ing in the field, who submit their findings to Washington. 
According to the Endangered Species Act of 1973, a species can be 
listed if it is threatened by any of the following: 

1. The present or threatened destruction, modification, 
or curtailment of its habitat or range; 

2. Utilization for commercial, sporting, scientific, or 
educational purposes at levels that detrimentally affect 
it; 

3. Disease or predation; 

4. Absence of regulatory mechanisms adequate to pre- 
vent the decline of a species or degradation of its 
habitat; and 

5. Other natural or man-made factors affecting its 
continued existence. 

If the species does appear to be threatened, the director 
immediately determines the “critical habitat” — the areas inhab- 
ited by the species that contain physical or biological features 
essential to the conservation of the species and that may require 
special management programs. “Critical habitat” may also refer to 
areas outside those occupied by the species which the director 
sees as necessary for protection of the species. He focuses on 
preserving key elements such as feeding sites, nesting grounds, 
water supplies, necessary vegetation, and soil types, attempting to 
nourish the species to the point where it can be removed from the 
endangered list. 
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How do they steer balloons? 


The amazing answer to this question is, simply, they don’t. 
Control over ascent and descent is vital, and possible, but when it 
comes to velocity and direction, the huge balloon and its crew are 
utterly at the mercy of capricious winds. It is only by the use of 
these winds that a balloonist can “steer” his craft. 



Spherical balloons may be filled with hot air or with a light gas 
(hydrogen, helium, or natural gas). Different operational tech- 
niques apply to the two types. When a balloonist wishes to take off 
in a gas balloon, he simply discharges ballast, usually in the form 
of sandbags. In order to descend, he releases gas from the balloon 
by pulling a rope that opens a small valve at the top of the balloon. 
Near this valve is a “rip panel,” also controlled by a rope; when 
opened, it releases enough gas to cause the balloon to land. 

Hot-air balloons are equipped with a blowtorch burner placed 
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just below the opening at the bottom of the balloon. This burner, 
which supplies necessary heat, is fed by propane tanks carried in 
the basket. The pilot can control the rate of burning and thus the 
amount of ascent or descent. A cooling vent near the top of the 
balloon and a rip panel both enable more rapid descent. 

With vertical control, then, the balloonist can try to drift at the 
altitude at which winds and/or air currents flow in his planned 
direction. Only knowledge of meteorological conditions, manip- 
ulation of altitude, and a good deal of chance can affect the course 
of the balloon. Nevertheless, in 1978 three Americans (Ben 
Abruzzo, Maxie Anderson, and Larry Newman) successfully 
crossed the Atlantic Ocean in a helium balloon, leaving Presque 
Isle, Maine, on August 11 and arriving near Paris 137 hours and 6 
minutes later. 


burner 
load plate 
vent cord 
rip cord 

fuel line 
dashboard panel 

basket 
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How does o metal detector at the airport know whether you 
hove metal on your person? 

The people at Infinetics, Inc., the manufacturer of “Friskem” 
detectors — which comprise over 90 percent of the worldwide 
market for airport metal detectors — are fearful of releasing any 
secrets about how their detectors operate. According to the 
management (who seem to assume guilt on the part of the 
questioner until proof of innocence is established), “Details on 
their technology serve only to help those who would prefer to 
defeat the attempted goals.” So much for the curious layman. 

In general terms, though, metal detectors work on a principle of 
induced magnetism. The primary property that distinguishes 
metal from other materials is its high electrical conductivity. It is 
possible to create a magnetic field near a metal object and to 
induce an electrical current in the object. This in turn sets up a 
magnetic field in the object that distorts the original one. 
Detection of this distortion leads to detection of the metal. 

One of the most common forms of detectors contains two coils 
separately connected to two oscillator circuits having the same 
frequency. The coils act as inductors and produce an alternating 
magnetic field — until a metal object is introduced near one of the 
coils. This has the effect of changing the inductance of one coil and 
hence the frequency of oscillation. A slight discrepancy in the two 
oscillations results in a series of beats, just as two musical notes if 
close but not precisely in tune generate beats if played simul- 
taneously. An operator hearing the beats through earphones 
knows there is metal nearby. 
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How do they "lift" faces? 


Swayed by the high esteem in which youthful minds and 
youthful bodies are held these days, many people are turning to 
cosmetic surgery to smooth their furrowed brows and lift their 
sagging jowls. Although face lifts were first performed in Europe 
and the United States at the turn of the century, the process 
remained cloaked in secrecy, deemed unrespectable because it 
catered to vanity and often fostered quackery. Today, this difficult 
and complex surgery is considered an art, for the surgeon must not 
only solve the problem of wrinkles but restore the face without 
changing its character in the process. In short, the procedure, 
technically known as a rhytidoplasty or rhytidectomy, is this: a 
surgeon incises and detaches the skin of the face and neck, lifts 
and tightens the skin, trims off the excess skin, and closes the 
incisions. 

A face lift involves surgery that requires the patient to spend 
three or four days in a hospital — and to have a minimum of several 
thousand dollars set aside for surgical fees. Perhaps because of the 
infinite variety of faces, there is no rigid standardization of 
methods. Either local or general anesthesia may be administered, 
and the operation usually takes about two and a half to four hours. 

The surgeon begins the incision in the area of the temples, in 
the hair-bearing scalp where the subsequent scar will be con- 
cealed. The incision runs down to the point where the ear is 
attached, continues just in front of the ear, then curves around the 
earlobe to the back of the ear. The incision then moves into a strip 
of scalp on the neck hairline which has been trimmed or shaved, 
the precise location depending on the hair style of the patient. 
(Resulting scars are ideally hidden by hair.) Then the surgeon 
begins the incredibly delicate process of undermining, or separat- 
ing the skin from the fat and muscle lying beneath it, being careful 
not to disturb nerves and blood vessels. In the hair area he must 
go particularly deep so as not to destroy the hair follicles. In 
general, he undermines the cheeks and the portion of the neck 
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behind the ears, but the actual amount required naturally 
depends on the location of the sagging skin and the amount of 
“lifting” to be done. Next, he may or may not need to shift and 
tighten the tissues under the skin. 

To actually “lift” the face, the surgeon pulls the loosened skin 
upward and backward, thus tightening the skin and smoothing 
away the patient’s unwanted signs of age. Great care must be 
taken not to pull the skin too tightly, or to remove too much skin, 
for the patient might be left with a drawn or frozen expression. 
The surgeon tailors the skin to fit the face, makes anchor sutures 
above and behind the ear, and trims excess skin. Finally, he 
sutures the incision and proceeds to work on the other side of the 
face. Operating on one side at a time makes it easier for the 
surgeon to make the two sides as symmetrical as possible — 
decidedly an important factor! 

If the patient wishes to be rid of an especially large double chin, 
the surgeon performs a submental lipectomy: he makes a trans- 
verse incision under the chin and removes superfluous skin and 
fat. 

After a face lift the patient’s head is encased in a massive 
bandage, which supports the tissues and helps prevent bleeding. 
Drains in the bandage may be necessary to draw seepage away 
from the wounds. After twenty-four to forty-eight hours the 
cocoon is removed and a new face revealed. 



How do they grow gropes without seeds? 

A seedless grapevine is grown from a bit of stem cut from a 
mature seedless vine. But where do we get seedless grapevines? 

They originated thousands of years ago in the Middle East, in 
the area of present-day Iran or Afghanistan — no one knows exactly 
when or where. Raisins from seedless grapes are mentioned in the 
Bible. Early Near Eastern tribes cultivated ordinary seeded 
grapes to make wine and raisins. A genetic mutation must have 
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occurred in some tribesman’s grape seedlings, which gave the 
plant an oddity in its yearly reproductive cycle: every time its 
flowers were pollinated and fertilized, ready to produce seeds for a 
new generation of plants, the seeds-in-the-making aborted without 
developing the hard seed casings we have to spit out. This kind of 
spontaneous abortion is called stenospermoscarpy. The fruit of 
such a vine is seedless, and the plant cannot reproduce in the 
conventional way — that is, by dropping seeds. It can only produce 
more plants vegetatively — by growing another individual from a 
broken-off piece of itself. 

Our tribesman must have been very pleased that such a 
convenient plant had arisen in his arbor, and he must have grown 
others by cutting off pieces of it and letting them root in the 
ground. Our modern green seedless grape, called a Thompson 
seedless, has come down to us from that first plant, passed along 
over the centuries by cuttings transplanted from one arbor to 
another. If you slice open a seedless green grape from the 
supermarket, you can still see the beginnings of a pit that never 
formed. 

It would probably surprise most people to learn that if you plant 
the seed of any ordinary fruit grown for commerce — a seeded 
grape, peach, apple, blueberry, cherry, or strawberry — you will 
not get a plant that gives fruit similar to the piece you ate. A 
McIntosh apple seed probably won’t grow a tree that makes 
McIntosh apples. The fruit it puts out will most likely have a 
noticeably different taste, shape, consistency, and size from the 
apple that yielded the seed. This occurs because natural sexual 
reproduction, which produces seeds in plants and fertile eggs in 
animals, makes for wide variation among the offspring: each 
offspring receives a different assortment of genes from each 
parent, and so develops its own unique set of traits. Variation is a 
boon to a species’s survival in the wild, since it increases the 
chance that some members will flourish in an environment subject 
to violent change. 

In commerce, however, genetic variation is just confusing, a 
grower wants to be able to depend on a characteristic taste and 
appearance in his fruit, so that he won’t disappoint his customers. 
He can’t very well take a bite out of each cherry to make sure it 
tastes all right. So all commercially sold fruit (except for citrus) is 
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grown on trees and vines that start as cuttings taken from a plant 
with the qualities the grower wants to duplicate. This bypasses the 
sexual phase of the plants altogether and makes offspring that are 
genetically identical to the parent. All of a given variety of Bing 
cherry, McIntosh apple, Anjou pear, and Thompson grape have 
exactly the same collection of genes and produce nearly identical 
fruit. 

Currently, about 90 percent of all the grapes used in United 
States commerce for eating fresh and for making wine and raisins 
are Thompson seedless grapes, which are grown in California and 
New Mexico. Viticulturists at the Cornell University School of 
Agriculture have nearly perfected a seedless variety like the 
Thompson which can grow in the harsher climate of the Northeast. 
As in the animal world, thoroughbred plants are more vulnerable 
to disease than “mongrel” fruit and need to be sprayed and 
fertilized frequently; the Cornell scientists are making their 
northeastern seedless as resistant as possible to insect and fungal 
predators. 

The original Concord grapevine in Concord, Massachusetts, 
only recently died. One wonders if the first Thompson seedless is 
still putting out grapes somewhere along the Persian Gulf. . . . 




How do they perfectly reproduce large statues in miniature? 

It isn’t easy to shrink the Statue of Liberty so that it fits into the 
hand of a tourist from Cedar Rapids, Iowa, or to make thousands of 
copies of a famous bust of Abraham Lincoln, each with the same 
wise, somber expression. The entire process calls for specialized 
teams of sculptors, working from the original of a statue or 
sculpture, photographs of the original, and an ingenious machine 
that looks as if Rube Goldberg invented it. 

To make its copy of the Statue of Liberty, the Evelyn Hill 
Company, operators of a concession on Liberty Island that sells 
miniature replicas, collected as many photographs as it could of 


100 



the statue, some of them taken from ground level, some from 
helicopters. The company turned the pictures over to a prototype 
sculptor, who specializes in transforming shapes in pictures into 
three-dimensional objects. A prototype sculptor, using his trained 
eye and instinct, puts together a model made of plastic modeling 
clay or wax. He makes it whatever size he feels comfortable with; 
making a replica bigger or smaller is a separate process. He 
concerns himself for the moment only with getting the shape right 
in every detail. 

To make it right does not always mean to give the replica the 
exact same proportions as the original; it depends on what the 
client wants. “If you look closely at the original statue, she’s quite 
heavy in the bust, and also the rear. We had the sculptor take her 
down a little, to make it look nice,” says John Silvers of Evelyn 
Hill. 

Once the prototype sculptor has finished his model, he gives it 
to sculptors at the foundry where the replicas will be cast; they 
copy the model, in the exact size the manufacturer specifies, with 
the aid of a contraption called a three-dimensional pantograph. A 
pantograph is a movable horizontal bar with two swiveling 
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pointers mounted on it. The pointers are linked by a second bar so 
that they always move in tandem — every twitch of one pointer is 
matched by a parallel twitch of the other. While tracing the 
contours of a model with one pointer, a sculptor can shape his clay 
replica using the other pointer, which performs the identical 
motions, as a guide. The apparatus is mounted on a perpendicular 
stand on which it can swing and turn. The two pointers project 
from the bar along one side of the stand, which acts as a fulcrum 
point, and a counterweight is suspended from the other end. The 
pointer farther from the fulcrum point makes larger sweeps than 
the near one, which describes the same shapes but on a smaller 
scale. 

Thus the foundry sculptors can make a “reduced” copy by 
tracing along the original with the far pointer, while shaping the 
clay replica to follow the motions of the near pointer. The 
prototype and copy sit on turntables, to allow the pointers to reach 
every part. These turntables are connected by a gearing system 
like a bicycle’s, so that they always rotate the same number of 
degrees. 

Dave Kaye, who sculpted the prototype of Miss Liberty for 
Evelyn Hill, made his piece 4 feet tall. The foundry sculptors then 
had to “shrink” his model to the size of the replicas to be sold in 
the concession (6 inches, 14 inches, and 2 feet), in order to make 
the molds. To make a 2-foot replica, the 4-foot prototype was 
placed on the turntable near the far pointer; a mass of clay to form 
the 2-foot replica was placed on the turntable adjacent to the near 
pointer, exactly half as far from the fulcrum as the farther one, 
since the replica was to be half the size of the prototype. In 
addition, the near pointer was half the length of the far one, and 
the near turntable was half the circumference of the far table. 

When a reduced replica is complete, the original prototype 
artist comes in to put on the finishing touches before the 
foundrymen make a brass mold from it, and the casting of metal 
alloy miniatures can begin. 
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How does The New York Times determine its best-seller list? 


As anyone can read in the back of The New York Times Book 
Review each Sunday, the best-seller lists reflect the sales of books 
in 1,400 bookstores across the country. Each week those stores 
submit sales figures of the most popular titles, and this information 
is fed into a computer, which comes up with the top fifteen books 
in four categories: hardcover fiction, hardcover general, trade 
paperback, and mass-market paperback. 

But where are those bookstores, and how adequately do they 
represent the entire country? After all, there are hundreds of 
bookstores in New York City alone — but pretty slim pickings 
across the plains of Kansas. 

In 1977 the Times conducted a survey of all the members of the 
American Booksellers Association in a questionnaire about the 
volume of business, distribution, types of markets, and so on. 
From the 1,800 responses received, the Times made up a list of a 
representative sample of big, medium, and small stores in every 
zip code area of the country. A “big” store is one that does $50,000 
or more in business in any of the four categories per year; a “small” 
store does less than $10,000 in any category per year. The Times 
then established seven geographic areas: 

Region Percentage 

of total stores 

Maine, Massachusetts, Rhode Island, 14 

Vermont, Connecticut, New 

Hampshire 

New York, New Jersey, Pennsylvania, 14 

Delaware 

Maryland, Virginia, West Virginia, 15 

North Carolina, South Carolina, 

Tennessee, Mississippi, Georgia, 

Alabama, Florida 
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Region 


Percentage 
of total stores 


Ohio, Indiana, Michigan, Kentucky 10 

North Dakota, South Dakota, 14 

Minnesota, Wisconsin, Montana, 

Illinois, Missouri, Nebraska, Kansas 

Oklahoma, Arkansas, Iowa, Texas, 14 

Idaho, Wyoming, Utah, Colorado, 

Nevada, Arizona, New Mexico, 

Louisiana 

California, Washington, Oregon, 19 

Alaska, Hawaii 


Each month 1,400 stores in these areas receive a preprinted list 
of thirty leading titles. (There is also room on the form to mention 
titles not listed.) The booksellers send in this form once a week, 
reporting sales in actual numbers on the most popular titles. This 
system is sufficient to reflect hardcover sales, but mass-market 
paperbacks are sold in far greater quantities in drugstores, 
supermarkets, airports, and newsstands than in bookstores. So the 
Times consults distributors in twenty-five major markets who 
report the estimated sales from more than 40,000 outlets. The 
trade paperback figures include reports from bookstores, and from 
wholesalers with a total of 2,500 outlets. Another exception to the 
system is the largest chains, which the Times calls “majors. ” Since 
these chains — B. Dalton, Waldenbooks, Doubleday, and Bren- 
tano’s — have stores across the country, they amass their own sales 
figures and the headquarters of each reports to the Times weekly. 
Although sales from the majors alone can get a book onto the best- 
seller list, their effect is not always so considerable, and it varies 
from book to book. 
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How do they know what time it is? 


Man’s first clock was a sundial of some kind, which told him the 
time with as much precision as he needed: how high is the sun in 
the sky, and how long will it be till dark? A sundial tells more 
exactly than the eye alone where our real clock, the sun, is. It’s 
not surprising that people use the sun’s position to give shape to 
the events of their lives, since all life owes its existence to the 
effects of the sun’s energy, and indeed evolved in rhythm with its 
presence and absence. 

The first use of time, then, is to stay in touch with one’s physical 
environment and its cycle of light and dark, hot and cold, high tide 
and low tide, growth and decay: we must synchronize with the 
environment our own cycles of hunger, thirst, and sex. For such 
uses of time we must know where the sun is. But people often 
want to synchronize themselves not only with the physical world, 
but with other people: to catch trains, work in offices, eat lunch 
together, and so on. In order to coordinate our activities, we must 
give time a name that is understood by all concerned. Thus, the 
key difference between dealing with the natural and human 
worlds is that whereas the earth and sun tell us what time it is, we 
must agree with the rest of humanity on what time it is for time to 
mean anything. 

For the entire technological world, the agreed keeper of time is 
the Bureau International de l’Heure (BIH) in Paris, which stays in 
constant contact with laboratories and observatories in seventy 
countries, all of which contribute to the official “correct time. ” The 
clocks at the BIH and at the headquarters of national organizations 
such as our National Bureau of Standards are impressive in their 
precision. Coordinated Universal Time (abbreviated UTC, for 
some reason), the standard they all keep, is exact to within a few 
billionths of a second. 

The clocks used by the BIH and its members owe their 
regularity and accuracy to the properties of the element cesium, a 
silver-colored alkali metal. A cesium clock is actually a machine 
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that produces a tone of exact pitch and frequency. An electromag- 
netic signal’s frequency is a statement of how often the photons 
that make it up vibrate each second. But since it is the second we 
want to define and maintain, we say instead that the second is 
some number of photon vibrations. How can we fix vibrations 
within a time frame without consulting the clock we want to set? 
Cesium atoms perform an electromagnetic “flip” — their electrons, 
which spin like tops, suddenly point their axes of spin in a 
different direction — only at a certain frequency. If we agree that a 
second will be counted out at whatever frequency is required to 
make the cesium atoms flip, or resonate, we know that our 
frequency and therefore our second are as stable as the flipping 
property of cesium — which is very stable indeed. 

The member nations of the BIH have agreed that 9,192,631,770 
photon pulses — cesium’s flipping frequency — is a good length of 
time for a second, so that’s what a second is. For convenience’ 
sake, it’s very close to a second in the solar system — 1/31,536,000 
of the time it takes Earth to go around the sun — but the cesium 
atom is a more precise standard. 

Having defined seconds, we can add them in computerized 
counters to correspond to recognizable times of day such as noon, 
midnight, and 4:00 a.m. But how do you tell people the time 
without time passing as you tell them? Countries keep their own 
standard cesium clocks, which they set by bringing them into 
phase with a portable one brought from Paris in a plane, tended by 
a team of technicians to keep it “ticking” correctly. Each geo- 
graphical region of the world that uses exact time thus can have its 
own keeper of UTC and can broadcast its own time signals to users 
by radio. The users, in maintaining their own clocks, must allow 
for the time it takes the signal to reach them from its source. In 
the United States, the National Bureau of Standards broadcasts on 
station WWV in Fort Collins, Colorado. Radio waves are elec- 
tromagnetic and travel at 186,000 miles per second (the speed of 
light), thus taking about .012 seconds to reach New York from Fort 
Collins. 

Who needs to know the time to within billionths of a second? It 
is technology that has created the need for both the exact time and 
the hardware with which to keep it. In ship and air navigation 
systems, a craft’s position is gauged relative to broadcast towers 
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thousands of miles to either side of it. If a broadcast wave pattern 
sounds simultaneously from Washington, D.C., and Greenwich, 
England, and reaches a ship sailing in the North Atlantic, the ship 
can compute its position by calculating which “beep” traveling at 
the speed of light reaches it first, and by how many parts of a 
second. The time measurement must be accurate; an error of a 
hundred thousandth of a second can put the location estimate off 
by 2 miles. 

The telephone company needs to know the exact time, too. It 
sends several conversations along a single wire, to save time and 
space, by multiplexing — breaking each conversation up into im- 
pulses much shorter than a word (in fact, lasting only a millisec- 
ond) feeding the interspersed “bits” in sequence along the wire, 
unscrambling the bits at the other end, and reassembling the 
conversations. The multiplex transmitter sending bits down the 
wire must be synchronized perfectly with the receiver sorting 
them out; otherwise, the different conversations will receive each 
other’s bits and get hopelessly garbled. 

Others who depend on exact time measurement include televi- 
sion and radio stations, physicists, astronomers, and the electric 
power companies that supply customers with 60-cycle-per-second 
alternating current to run their electric clocks. 

The resonance of the cesium atom is one of the most regular 
things we know — much more accurate than the turning of Earth 
itself, from which man originally derived his concept of time. 
Earth has been slowing in its revolutions by about a second every 
year because the moon’s gravity drags at the oceans and causes 
friction; in some years the effect is greater than in others. We 
know this by keeping track of the positions of the stars and planets 
relative to the turning Earth. (Paleontologists who have measured 
fossils of ancient coral, which made annual growth rings as trees 
do, say that 600 million years ago, a day on the earth was only 
twenty-one hours long!) A cesium clock, on the other hand, would 
take 370,000 years to lose a second. Thus, by the end of a year the 
solar system and a cesium clock can be in serious disagreement. 

A compromise has been struck between the sun and our clocks: 
every year the BIH in Paris adjusts the time to conform to our 
relation to the sun, so that “high noon” in the sky remains noon on 
our clocks as nearly as possible. In recent years the BIH has added 
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a “leap second” between December 31 and January 1, making one 
61-second minute, to wait for the “sun time” to catch up. If the 
world speeds up, we may need short minutes every few years. 
Says Dr. James A. Barnes of the National Bureau of Standards in 
Boulder, Colorado: “When the error gets too bad, we have to reset 
the clocks, since it’s more difficult to reset the earth.” 

If you need to know the time to a few billionths of a second, call 
the National Bureau of Standards at (303) 499-7111; but don’t 
forget to allow for the time the signal takes to reach you at the 
speed of light. 


How do they trace bullets to specific guns? 

The hunt for New York’s infamous “Son of Sam” killer ended 
when ballistics experts at the city’s Police Academy Crime 
Laboratory examined the .44-caliber Charter Arms “Bulldog” 
revolver they had turned up in the car of suspect David 
Berkowitz. The bullets found in the bodies of the victims had all 
been fired from that gun; Berkowitz confessed, was convicted of 
the murders, and was sentenced to life imprisonment. 

“Didn’t give him any room to move when we identified the 
gun,” says Detective George Simmons of the Crime Lab. “They 
had some other evidence — fingerprints and whatnot — but the 
ballistics is what put the nail in it.” Detective Simmons did the 
matching of barrel and bullet that sealed the district attorney’s 
case. 

Fortunately for the police, every gun in the world is unique. 
The inside of each barrel leaves a characteristic set of stripes and 
scratches on the soft lead of the bullet as it passes through; those 
marks identify the gun as precisely as a fingerprint does a burglar. 
The marks are not visible to the naked eye, but for a ballistics 
expert with a microscope, they are as clear as a highway sign. 

The pattern on the barrel comes about in the last three stages of 
manufacturing the gun, each of which contributes its own odd 
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marks and scratches; together, the imperfections leave the barrel’s 
signature’’ on the bullet. The first of the steps is drilling: a barrel 
is made by hollowing out a solid cylinder of steel with a carbide 
steel drill that has a diamond tip. This process leaves a micro- 
scopically fine ring pattern on the inside, much of which will be 
obliterated in later stages. 

Next, a hard, brittle steel gouging instrument called a broach 
carves long, spiral furrows along the bore. The pattern the broach 
leaves acts as a track to make the bullet spiral through the air like a 
thrown football. As with a forward pass, spiraling improves a 
bullet’s accuracy. Every time the broach passes through another 
bore, sharp as it is, it gets a little duller until it is resharpened. 
Thus the exact width and shape of the track the broach makes are 
never quite the same in any two weapons. 

Lapping is the final polishing step, to smooth the rough edges of 
the broach track and give the barrel as geometrically perfect a 
cylinder shape inside as possible, so that the bullets will fly 
accurately. Lapping leaves its own marks and scratches on the 
bore. 

Ballistics experts examine the gun found on a suspect and fire 
shots of their own with it. By comparing their slugs with those 
found in the victim’s body and applying their knowledge of barrel 
mechanics, a positive identification is often possible. 

Says Detective Simmons, “Your suspect can always say he never 
fired the gun — somebody else did. But unless the bullet is too 
mangled up from striking the body, we can tell you which gun did 
the shooting.” 
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How do they execute o trade on the New York Stock 
Exchange? 


All transactions on the New York Stock Exchange take place in 
one of three rooms, which are known collectively as “the floor,” at 
11 Wall Street in New York. The largest of the rooms, built in 
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1903, contains twelve numbered U-shaped booths or “posts.” 
Adjacent to this room is “the garage,” built in 1911, with Posts 13 
to 17; and next to that is the Blue Room, which was built in 1968 
and contains Posts 18 to 22. Each post handles the stock of any- 
where from 1 to 100 different companies. There are 1,550 
companies listed on the New York Stock Exchange, and 1,366 
members participate in the trading. 

Let’s say you’re in Chicago and you’ve decided to try your luck 
on the stock market. Perhaps you want to buy 100 shares of U.S. 
Steel. First, you call your broker in Chicago and place the order. 
Your broker calls your order into his company’s telephone clerk, 
who sits in one of the many telephone booths on the edge of the 
Exchange floor. The telephone clerk must notify the firm’s broker 
on the floor. Each floor broker has a number. The telephone clerk 
pushes a button which flashes the number of the broker he wants 
on large, 2,000-square-foot annunciator boards which hang on a 
wall in each of the trading rooms. The floor broker sees his 
number flashed, goes to the telephone booth, and picks up the 
order. 

He then proceeds to Post 2, where U.S. Steel’s stock is 
handled. An indicator board at the post tells him at what price — in 
dollars and eighths of a dollar — the last deal was made. There the 
broker also sees a “crowd” — a group of other brokers and 
specialists who are watching U.S. Steel closely. A specialist is a 
member of the Exchange who coordinates the buying and selling 
of specific stocks, keeping track of all current bids to buy and offers 
to sell. Your broker approaches the crowd and asks for a quotation. 
“How’s Steel?” he might ask, meaning “What is the highest bid on 
the floor right now to buy U.S. Steel and what is the lowest offer 
to sell?” The specialist may give him a quotation of “25 to 14, ” 
which means that the best bid he has received to buy U.S. Steel is 
$25.00 and the lowest offer to sell is $25.25. Your broker now 
knows that he must at least top $25.00, so he can’t bid lower than 
that. He bids 2514 — $25. 125. 

“Twenty-five and one-eighth for one hundred,” he says, hoping 
another broker in the crowd will want to sell 100 shares at 2514. If 
he receives no response for his bid, he must bid higher and meet 
the previous asking price. He then bids 2514, which was the 
specialist’s quotation. If there is more than one bid at 2514, the 
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specialist must decide, on the basis of priority (which bid was 
entered first) and size of order, which broker gets the stock. 

Let’s say the specialist is holding 200 shares of U.S. Steel and 
the first bid of 25*4 is for 200 shares. The first bid wins. If, 
however, the first bid is for 100 shares and then your broker enters 
his bid for 100 shares, the specialist divides his 200 shares between 
the two brokers. When bids are entered simultaneously, the 
larger ordinarily has priority. If simultaneous bids are equal in 
size, there is a “match” — a coin is flipped and the winner gets the 
stock. 

More often, however, deals are transacted between two bro- 
kers. When your broker approaches the post to buy, it is more 
than likely that another broker in the crowd is trying to sell. They 
seek each other out and negotiate a deal. The market operates as a 
double auction; prices are not set by the Exchange, but by the 
process of bidding and offering. 

No matter how a deal is arranged, a “reporter” is always on hand 
to watch. He records the sale on a computer card and passes the 
card through one of the electronic scanners set up on the floor. 
Within seconds the deal is recorded on ticker tape and on 
thousands of film projecters and Quotron machines throughout the 
world wherever New York Stock Exchange activity is followed. 
Until fairly recently, the reporter would place the order in a small 
plastic container, a widget, and send it along tubing that 
underlies the Exchange floor to a central reporting office. There 
are more than 40 miles of tubing running through the Exchange. 

Finally, the floor broker goes back to the telephone clerk, who 
sends the results of the deal to the Chicago office where you 
placed your order. A bill confirming details of the trade is sent to 
you, and you have five business days from the date of the 
transaction to pay for the purchase. 
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How does o hovercraft speed across the water? 


When a hovercraft moves across water, it is literally floating on 
air — for a high-pressure air cushion is maintained beneath the hull 
that provides lift and allows even large vessels to whiz along at 
high speeds. First developed in 1959, air cushion vehicles (AVCs) 
are sometimes amphibious — capable of traveling both on land and 
in water. 
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1. A hovercraft, or air cushion vehicle, rests on a “cushion” of air be- 
neath the hull. Air propelled by a fan down into a plenum chamber 
provides lift, before escaping under the wall of the ACV. 

2. Air flows downward and inward through slits around the periphery 
of this vehicle, efficiently maintaining higher pressure in the cush- 
ion than in the surrounding atmosphere. 

3. The addition of a flexible skirt provides increased clearance— and a 
smoother ride over choppy waves. 

4. In a sidewall ACV, the sides extend slightly below the surface of 
the water; air escapes only at the bow and stern. Greater stability 
is achieved at the expense of increased drag. 
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A substantial space, or “plenum chamber,” exists beneath the 
vessel, into which air is pumped by fans. In some vessels, the flow 
of air has an annular pattern: that is, higher concentrations of air 
are emitted at the periphery, then act as a curtain to protect the 
cushion from surrounding lower-pressure air. Nozzles direct the 
air inward so that it pushes against the air in the cushion and 
maintains it far more efficiently than if the air were directed 
straight down. The cushion, whose air pressure is higher than 
atmospheric pressure, may also be protected by a flexible skirt of 
strong nylon impregnated with neoprene rubber. This skirt allows 
the ACV greater lift with less expenditure of power and makes 
possible travel over rough terrain and choppy water with minimal 
loss of air. Some large hovercraft have skirts at the bow and stern 
and rigid or inflatable sidewalls extending down into the water on 
both sides. This system vastly reduces air loss, but sidewall ACVs 
are practical only for traveling at slow speeds in deep water. 

ACVs use an integrated lift and propulsion system, which means 
the same engine inflates the air cushion and propels the vehicle. 
Sidewall ACVs often use diesel engines, whereas most other types 
have lighter- weight gas-turbine engines. Air enters a duct near the 
top of the vessel — away from dust or spray — and flows toward one 
or more large fans, each with a diameter of at least 10 feet. These 
centrifugal fans on a vertical axis pump air down into the plenum 
chamber to replace air that is continuously lost. Marine pro- 
pellers, water jets, or air propellers provide propulsion, and 
braking and steering are done aerodynamically: fins and rudders 
deflect airflow in the necessary direction. At slow speeds “thrust 
impulses” that steer an ACV are achieved with lateral propellers, 
and a change in the pitch angle of the propeller blades can result 
in braking. 

Today, Bell Aerospace Textron produces three major lines of air 
cushion vehicles. In September 1979 the company signed a 
contract with the U.S. Army for construction and delivery of 
twenty-eight amphibious crafts — LACV-30s (Lighter, Amphibious 
Air Cushion Vehicle — 30-Ton Payload). This vehicle is intended to 
move cargo and equipment from olfshore ships, across beaches 
and marginal areas to inland points. It weighs 27 tons when empty 
(though its gross weight may be 62 tons) and can be deployed on 
container ships. This ACV averages 50 miles per hour at sea, 25 
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miles per hour on land. Bell Aerospace is building larger landing 
craft for the Navy, designed to carry tanks ashore. For commercial 
use Bell produces the Surface Effect Ship (SES), a nonamphibious 
vessel, which cruises with passengers and cargo at about 46 miles 
per hour in calm water, 37 miles per hour in open sea. 




How do neon signs glow? 

Neon is a colorless, odorless, inert gas, first discovered in 1898 
by the British physical chemists Sir William Ramsay and Morris 
W. Travers, who named the gas after the Greek word meaning 
“new.” About that time physicists were experimenting with 
generating radiation by striking an arc between electrodes in an 
evacuated tube containing only small amounts of vapor. In Paris in 
1910, Georges Claude filled a tube with neon gas and found that 
when high voltage was applied to the two electrodes at each end, 
an electrical discharge occurred, which caused the tube to glow a 
deep red. The neon must be purified of any other gases in order 
for the electrical discharge to permeate it and pass through the 
tube. Purification is accomplished by the use of charcoal which, 
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when cooled to — 180 to — 190 degrees Centigrade, absorbs 
impurities in the tube and is subsequently removed. 

The commercial applications for neon lighting were quickly 
recognized in the early twentieth century, and soon other vapors 
besides neon were used. Mercury vapor, for example, gives rise to 
blue light. White fluorescent lights, developed in the 1930’s, 
actually are filled with mercury vapor, but the inner wall of the 
tube is coated with material that fluoresces white under radiation. 



How does on X roy photograph your bones but not the 
surrounding flesh? 

An X-ray photograph of the leg you broke skiing down the 
expert slope with intermediate skill shows your bones most 
brightly because bone is dense and stops more X-ray particles than 
the flesh around it. 

An X-ray camera fires electrons at a plate covered with silver 
halide crystals, which are sensitive to light. Your hapless leg is put 
in the way of the penetrating stream of particles. When an 
electron reaches the plate unimpeded, it turns a halide crystal 
black. The crystals that receive no electrons fall away when the 
plate is developed and leave that area transparent, or white under 
the light. 

X-ray particles are so highly energized that most of them pass 
right through flesh, which is made mostly of water, leaving only a 
vague image on the film where a few of them were stopped. 
Bones, on the other hand, are very densely packed and contain 
large amounts of calcium and other heavy elements. They stop the 
X rays by absorbing them — the crack in your tibia shows up black 
on the plate because that’s where bone isn’t. 
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How do they come up with artificial flavors that taste just like 
the real thing? 

To begin with, the premise of the question is debatable. Ripe 
bananas, for instance, have more than 150 taste components; it is 
highly unlikely, therefore, that a synthetic banana flavor could 
really duplicate the ripe banana flavor. Furthermore, the cheap 
synthetic flavors that consumers have been fed in recent years 
have made them so accustomed to an artificial taste that often they 
actually prefer it to a natural one. A flavor chemist for Fritz, 
Dodge and Alcott, Inc., reports that they’ve “moved away from 
the utilization of fresh flavor. It isn’t familiar anymore. . . .” 
Another major flavor manufacturer admits that were they to 
develop a “bread” flavor, they’d imitate the taste of Wonder Bread 
rather than homemade! 

Artificial flavoring ingredients are either imitation (a combina- 
tion of natural and synthesized ingredients) or synthetic (purely 
chemical). In either case, the manufacturing process begins with a 
research chemist who attempts to isolate significant flavor constit- 
uents. He separates components of natural foods and identifies 
fragrances and aromas by some very complex methods. By 
chromatography the juice of a strawberry, for example, is allowed 
to seep through an absorbent in which different compounds are 
absorbed by different layers. Various components, thus isolated, 
may be analyzed further by a mass spectrometer. Here the 
component is spun over a magnet and at the same time bom- 
barded by electrons. This causes the component to break down 
within the magnetic field, and a chemist can observe the particular 
pattern of breakdown. Knowing the chemical makeup of the 
component, he may then be able to reassemble the parts 
artificially. 

Some components, however, have isomers, or molecules that 
are identical in composition but whose atoms are positioned 
differently. They may exist in various configurations — twisted 
together, for example — yet each has its own particular effect on 


116 


the flavor of the food. (Some cause a fatty taste, others a sour 
flavor, and so on.) It is thus necessary to separate them, and this 
process is carried out by nuclear magnetic resonance. Molecules of 
the substance are spun over a magnet, broken apart, and radio 
waves used to key on the vibrational energies emitted by the 
molecules. The radio waves then relate this information to an 
oscilloscope, which charts the pattern. Experts can then read 
those charts and determine the actual form of the configuration. 

By these and other techniques, research chemists analyze the 
natural flavors in foods. The number of constituents may be 
overwhelming — International Flavors and Fragrances, Inc. (IFF), 
has detected 125 in strawberries. Some are immediately apparent; 
others are incredibly elusive. Furthermore, flavorists insist that 
were analysis all that was necessary for finding the formula that 
most accurately imitates nature, the creation of artificial flavors 
would be simple. 

Charles H. Grimm, senior vice-president of IFF, insists that 
this matching process is an art. Like the study of wines or fine 
foods, evaluation of artificial flavors is done organoleptically — by 
actual taste and smell comparisons. A flavorist would smell and/or 
taste a beaker of real strawberry juice and then sample twenty, 
thirty, perhaps sixty other substances formulated according to the 
findings of the research chemist. 

There are literally thousands of natural and synthetic aromatics 
with which flavorists construct “taste complexes.” These include 
esters, alcohols, lactones, ketones, phenols, aldehydes, ethers, 
acetals, hydrocarbons with botanical tinctures, essential oils, and 
flower absolutes. The Food and Drug Administration has listed 
800 synthetic aromatics as GRAS (Generally Recognized as Safe). 
Proponents of these flavors point out that synthetic flavors have 
greater stability and can withstand greater temperature changes 
than natural ones. They are more readily available, cheaper, and 
always the same in color and composition — a comfort to many 
modern consumers. Whether or not the products of food flavorists 
are a viable substitute for the original (in taste or in nutrients), the 
variety of artificial flavorings on the market is astounding. Not only 
can we buy food with bacon flavor, but smoky bacon, maple 
bacon, and mushroom bacon flavors are also manufactured. 
Available tomato flavors include crisp and fresh, pulpy, and 
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cooked. One manufacturer of flavors claims, “Our chicken is 
chickener. . . . It tastes just like Grandma’s cooking.” 

Well, it may not have been one of Grandma’s better days. 




How does q vending mochine know that the coin you 
inserted is the correct value and not a slug? 

Vending machines are equipped with a coin-testing device that 
not only measures the diameter and thickness of your coin, but 
checks its weight, alloy composition, and magnetic properties. 

The coin enters a slot, which has been carefully measured to 
accommodate the required coin or coins, and rolls down a chute to 
two hook-shaped balance arms. A coin of the correct weight 
presses the right arm sufficiently to move a counterweight on the 
left; displacement of the arm allows the coin to pass. The diameter 
of the coin is also checked at this point — too-small coins slip from 


Coin-testing unit in a vending machine. 



Valid coins eventually reach the outlet to the release mechanism. 
Too-small coins fall to the receptacle for rejected coins. 

Coins of high iron content, slowed by the magnet, fail to leap over 
the rejector pin; instead, they drop to the receptacle for rejected 
coins. 


the hooks to the coin return receptacle. Those that are too large 
get stuck. When the coin return button is pushed, a side flap 
opens, allowing the coin to fall into the return receptacle. 

A coin of the proper size and weight continues through the 
machine past a strong magnetic field. If the iron content of the 
coin is high, for example, the magnet catches it. The coin return 
button triggers a wiper that sweeps the coin away from the 
magnet. The speed of the coin as it moves through the machine is 
thus dependent on composition and on mass. The speed it 
accumulates must be sufficient to allow the coin to jump over a 
rejector pin and down an outlet leading to the release mechanism, 
which in turn allows the vending machine to deliver the desired 
product. 



How do they roll up o roll of Scotch tope? 

If you ever pull out more Scotch tape than you need, you might 
as well forget trying to save it by rolling it back onto the roll. It’ll 
twist and stick to itself, your fingers, and the dispenser, and if it 
does actually get back on the roll it’s bound to be crooked and 
overlap at the edges. How on earth, then, do tape manufacturers 
make so many millions of perfectly rolled rolls of tape that drop 
neatly into dispensers in offices and homes around the world? 

The trick is to roll the tape before it is cut into such a small, 
unmanageable size. Just as a newspaper is run through a press, 
sheets of polyester film or cellophane several feet in width are run 
through a machine where, rather than being printed, they are 
coated with adhesive. The sticky film is fed onto a long rolling 
tube, also several feet in width. This super-wide roll of Scotch tape 
is then subjected to a slitting machine, which consists of a bar with 
round knives of various sizes. Almost instantaneously these sharp 
knives whir through both the tape and the tube to make those 
familiar, compact rolls. 
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How do they measure the size of the universe? 

There are two answers to this question, depending on the 
definition of “the universe.” One answer is that the universe is 
infinite — that it consists of simply everything: all matter, dust, 
planets, stars, energy, time, and space. Nothing could lie beyond 
the boundaries of “everything”; so, by simple semantics, we know 
the universe is infinite. 

But what if one means the observable universe — all the matter 
and energy in it that you might detect if you were close enough to 
it? How do we know how widely those “contents” are spread? That 
has a more interesting answer. The observable universe is about 
40 billion light-years across. One light-year is the distance light 
travels in a year, or about 6 trillion miles; so the total distance is 
about 240 billion trillion miles. 



The “Big Bang,” a tremendous explosion that occurred about 20 bil- 
lion years ago, marked the beginning of the universe. 




We know the size of the observable universe because we know 
when it began. Cosmologists have learned from watching the 
galaxies that the universe is expanding; the stars, planets, and 
galaxies are all moving away from one another. The current 
explanation is that the universe began with a tremendous explo- 
sion — the “Big Bang” theory — and that we on Earth are riding on 
a piece of the scattering debris. By computing the speeds of the 
galaxies’ motions and determining the point from which they all 
seem to be scattering, cosmologists have figured out how long ago 
the explosion must have taken place for the scattering to have 
progressed this far. The Big Bang took place about 20 billion years 
ago. 

Light travels faster than anything in the universe, so the 
remotest cosmic debris must be the pulses of light energy that 
shot away from the Big Bang in every direction 20 billion years 
ago. By now that light has traveled 20 billion light-years; light 
pulses traveling in opposite directions from the “Bang” are now 
twice as far from each other as from the point of the explosion, or 
40 billion light-years from each other — and that is the diameter of 
the observable universe. 




How do they know the universe is expanding? 


The universe is blowing up. Earth is but a particle of debris 
hurtling through space from an awesome explosion that took place 
20 billion years ago, which generated temperatures of trillions of 
degrees, and marked the Beginning. Ever since the “Big Bang” 
(see “How do they measure the size of the universe?” page 120), 
stars, planets, gases, and intergalactic dust have been moving 
away from one another like so much shrapnel. 

From our vantage point on Earth, the stars don’t seem to be 
moving. Indeed, their positions seem for us to be the most solidly 
predictable phenomenon we know. In Shakespeare’s Julius Cae- 
sar, Caesar describes himself as a model of statesmanlike consis- 
tency and forthrightness: 
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For I am constant as the northern star, 

Of whose true-fixed and resting quality 
There is no fellow in the firmament . 

Caesar would have been surprised to learn that the North Star, 
Polaris, of which he speaks is flying toward us through space at 10 
miles per second. Astronomers assure us, however, that we and 
Polaris are not on a collision course. In general, the stars are 
moving away from us, especially stars outside our own galaxy. 
Astronomers can tell that we are all moving away from the Big 
Bang. The key is that light waves reaching us from the distant stars 
and galaxies exhibit a “red shift.” To understand this, one must 
understand something about waves. 

When a fire engine blowing its siren is coming toward you, the 
pitch of the siren seems to rise; as it passes and moves on into the 
distance, the pitch seems to descend. Sound, like light, is a form 
of energy, which travels in waves. Sound consists of waves of 
compression in the air, which bump against our eardrums in rapid 
succession. The diaphragm in the siren creates the pattern of 
waves by vibrating, sending off a pulse of densely packed air every 
time it is pushed out, followed by a space of loosely packed air 
created each time it is sucked back. The compression pattern sent 
through the air by one complete out-and-in cycle of the diaphragm 
is one wave, or pulse. The number of pulses generated in a second 
is called the frequency of the sound; the more waves per second 
our ears pick up, the higher the frequency we hear. As the fire 
engine approaches us, sending out hundreds of sound waves each 
second, each wave “catches up” a little with the next — the next 
pulse is emitted closer to us than the last. Each succeeding pulse 
strikes our ears, with less and less time between pulses; therefore 
the frequency of the sound waves increases, and the sound seems 
higher. As the engine moves away, the distance between pulses is 
increasingly stretched out, since the siren emits each one a little 
farther from us; the number reaching our ear every second is less, 
and thus the pitch seems to go down. 

Light is another form of wave energy, and it too has different 
frequencies. Unlike sound, which needs a medium such as air or 
water through which to travel, light can travel in the vacuum of 
space. An astronomer analyzes starlight using a prism attached to 
his telescope; the prism spreads the point of “\vhite” light from a 
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single star, which contains many different frequencies, into a long 
colored band or spectrum, in which the light is arranged by 
frequency from left to right. The higher frequencies, which look 
bluish or violet, are toward the left of the band; the blue fades into 
green, yellow, orange, and finally red as the frequencies get lower 
toward the right. 

When any element is burned, on Earth or in space, it gives off a 
certain frequency or group of frequencies of light energy. If you 
spread out that light with a prism, you can see the “signature” of 
the element as a pattern of lines in the colored wave band the 
prism produces. The pattern for the element calcium, for exam- 
ple, which is burned on the fiery surfaces of many stars, is a pair of 
dark lines near the high-frequency or “blue” end of the spectrum. 
By watching for that “signature” we can tell how a star is moving: 
If a star is moving away from us, the waves of light we receive from 
it will seem to be of a lower frequency, just as the pitch of the fire 
siren sounds lower as the vehicle recedes in the distance. The two 
lines for calcium still appear on our spectral band, but not where 
they should be. They are shifted to the right — toward the red or 
lower-frequency end of the spectrum. The farther toward the red 
the shift of these two calcium lines is, the faster the star or galaxy 
is moving away from us. With such a tool for analyzing starlight, 
astronomers can map out the motions of all the stars and galaxies. 

The results of this mapping of the universe show that all the 
other stars and galaxies, except for a few relatively near ones, are 
moving away from ours at scores, hundreds, or thousands of miles 
per second. The stars that are farthest from us are moving away 
the fastest. The pattern is like the flight of debris spreading out 
from an explosion. Probably the universe will expand forever, as 
every star in it gets more distant from every other — there is no 
limit to the universe’s size. 

There is another possibility, however, generally considered 
remote, which is that in 60 to 100 billion years the force of gravity 
will slow down the expansion, and the stars will reverse directions 
and speed toward one another until they meet in another Big 
Bang. As it looks now, however, this second Bang is not possible, 
since it would take ten times as much matter as the universe now 
contains to generate sufficient gravitational pull to force a halt to 
the expansion. 
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A hundred billion years is pretty far down the pike as far as we 
on Earth are concerned. Life here in its simplest form is only 4 
billion years old; man, a million or so at the most. A mere 6 billion 
years from now our own sun will expand into a Red Giant and bum 
the entire solar system into vapor. By then our descendants — if we 
have left any — will long before have moved on to inhabit other 
solar systems. 
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How do they write college entrance exams? 

The anxious high school student faced with taking the dreaded 
Scholastic Aptitude Test (SAT) on a Saturday morning has every 
reason to wonder just who writes those tests and how. For in many 
cases the tests are the single largest factor in determining where, 
or even whether, a student will go on to college. Although much 
controversy has arisen over the effectiveness, fairness, and thor- 
oughness of the tests, they are not taken lightly — nor are they 
written overnight. 

The development of the Scholastic Aptitude Test, which con- 
sists of mathematical and verbal sections, is a long, careful process, 
taking about eighteen months from the time a question is written 
until it is ready for actual use. Questions are written by test 
specialists at the nonprofit Educational Testing Service (ETS) in 
Princeton, New Jersey, by high school and college teachers, and 
by other individuals with particular training. Although no one at 
ETS is employed exclusively to write questions, five out of about 
ten employees in the math area, and ten out of about twenty 
people in the verbal area, spend a substantial part of their time 
doing so. Many of the thirty or so free-lance test writers used by 
ETS are former staff members; others have attended workshops at 
ETS in which the ground rules for writing test questions are 
discussed. 

Each question on an SAT is reviewed three times by the staff at 
ETS. First, each of various test specialists, in reviewing a series of 
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questions, prepares a list of correct answers, which is then 
compared with other lists to verify that there is, indeed, agree- 
ment about the correct answer. Other reviewers judge the 
questions for “fairness to various minority groups and to males and 
females.” A test editor may also make further suggestions for 
change which the specialists then evaluate. Furthermore, a ten- 
member SAT advisory committee on the outside reviews new 
editions of the test on a rotating schedule; three members see each 
test. This committee is selected with the intent to draw on the 
expertise and different points of view of people in diverse 
occupations and geographical areas. At present, the committee 
includes a principal of a high school in Dallas, Texas; a professor of 
mathematics education at the University of Georgia; an admin- 
istrator at Wellesley College; a reading specialist at Columbia 
University; a high school math teacher from an inner-city Chicago 
school; and a psychometrician from Hunter College. 

Questions that the various reviewers consider “acceptable” are 
then included in an experimental section of the actual SAT. These 
do not count toward the student’s score. (The student, of course, 
doesn’t know which questions are experimental; he may very well 
slave for ten minutes over a tricky math problem that has no 
bearing on his final score.) Each such question, tried out under 
standard testing conditions by representative samples of students, 
is analyzed statistically for its “effectiveness” — which is actually 
determined by the performance of the students themselves. For 
instance, if students do poorly throughout the test but answer the 
trial question correctly, the question is apparently too easy. 
Conversely, if the best students cannot correctly answer the trial 
question, it is probably too difficult, hence inappropriate. ETS 
determines the average ability level of each group taking the test, 
tabulates the precise number of correct and incorrect answers and 
omissions in the experimental section, and arrives at a computer 
score indicating how each group performed relative to the others. 
(According to James Braswell, Test Development coordinator, 
ETS is aware of students’ “tricks of the trade” — choosing an 
answer because it stands out significantly from the others, for 
example, or choosing the longest answer; ETS tries, of course, to 
eliminate questions with such answers.) Finally, satisfactory ques- 
tions become part of a pool of questions from which a new edition 
of the SAT is assembled. 
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At this point, one might wonder just what all those specialists, 
with all their checks and balances, are trying to accomplish with 
the SAT: what do they intend to test, and what are their guidelines 
for content? 

ETS says the SAT is “a test of developed ability, not of innate 
intelligence.” But they go on to deny that this “developed ability” 
is a direct reflection of the quality of high school education. “There 
is minimal dependence on curriculum in the SAT,” says Braswell, 
“particularly in the verbal portion of the test. The mathematical 
portion does, however, depend heavily on first-year algebra, and 
to a lesser extent on geometry taught in junior high or earlier.” 
The test, then, attempts to draw on abilities developed both in 
and out of school. Critics, however, feel the tests simply evaluate a 
student’s ability to take tests, which may derive from intelligence, 
background, ambition, fear of failure — or, simply, quick metabo- 
lism. 




How do slot machine operators keep the odds in their favor? 

All slot machines are built to take in more than they give back, 
but buyers of the machine can request (within limits) that the 
machine always retain a certain percentage. In other words, when 
ordering a particular model, the operator can request a “tight” or a 
“liberal” machine. There is a recent trend toward liberal machines 
because hard-core slot machine players know which machines are 
generous; they simply won’t play on the mean machines — and 
word spreads. The slot machines in Las Vegas and Reno are 
reputed to be among the most liberal anywhere in the world, but 
the generous amount the machines return is compensated by the 
high volume of gamblers attracted to the machines in those cities. 

The standard slot machine has three reels. Each reel tape 
contains 20 symbols, the famous oranges, cherries, and the like. 
To win, of course, one must get 3 of the same symbol across the 
board. But since there are 20 symbols on three tapes, there are 
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8,000 possible combinations (20 X 20 X 20). By use of simple 
mathematics and sophisticated electronics, the machine is pro- 
grammed to retain a certain percentage of money over this cycle of 
8,000, and to give back a certain percentage. Slot machines 
worldwide generally hold from 3 to 20 percent of the intake and 
give back 80 to 97 percent. Not every player who puts $100 into a 
90 percent machine will get $90 back, of course; success lies in 
hitting the cycle and the right moment. 
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How do they get the foam into a con of shoving cream? 

If you’ve ever actually noted how long one can of shaving cream 
lasts, you’ll know that a lot of foam is somehow packed into a small 
11-ounce can. 

The fact is, the soapy solution expands as it comes out of the can 
because it contains hydrocarbon propellent, which vaporizes as it 
hits the air. The hydrocarbon has a pressure above that of the 
atmosphere, so at normal temperatures it turns into a gas. 
Emulsified in the liquid soap, it is kept in the can under pressure, 
until your finger on the valve presses down on a spring which 
releases the material — and foam spurts out. 

Hydrocarbon propellant constitutes about 3 to 5 percent of the 
total contents of a can. The soapy solution, which includes 
lubricants and perfumes, is first mixed and then put into the can as 
it travels along a filling line. The propellant is then added by one 
of two methods. The top of the can (valve and valve cap) may be 
installed and crimped first. Then a gasing machine pushes 
propellant through the valve under pressure. Or the propellant 
may be added before the valve has been attached. A machine 
descends over the top of the can and presses a metered amount of 
propellant into it. Immediately the valve and cap descend to close 
the can, sealing the soap and propellant inside. 
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How do the musicians in an orchestra know what the 
conductor wonts them to do? 

Perhaps you have watched the impeccable movements of 
George Szell, the nuances of Seiji Ozawa, the romantic drama of 
Leonard Bernstein, who flails his arms and occasionally leaves the 
ground, and been at a loss to see how any musician really knows 
what the conductor wants him to do, and further, how any 
musician could possibly change orchestras and not be totally 
perplexed. Within the multitude of styles, which are probably as 
various as the conductors themselves, there are certain basic 
motions in common. 

A conductor generally uses his right hand to keep the beat, a 
downstroke indicating the first beat of a measure, an upstroke 
marking the last. A piece in 3/4 time is counted by lowering the 
arm down (1), to the right (2), and up (3). The diagrams illustrate 
the movements for two, three, four, six, and nine beats. 






It is rarely necessary with a professional orchestra to mark every 
beat, so a conductor does not keep rigidly to those motions. While 
never losing the beat, he incorporates a wide sweep of natural 
expression to bring out his interpretation of the piece. The left 
hand is especially important for marking shadings of dynamics and 
entrances of other instruments or voices. The conductor needn’t 
cue everyone, however. In a piano concerto, for instance, the solo 
player undoubtedly knows where to come in, so the conductor 
might concentrate on bringing in the violins at the right moment, 
or on toning down the cellos. Small movements tell the orchestra 
to play softly, and larger, grandiose gestures obviously indicate a 
crescendo. A conductor uses short, abrupt motions for fast 
passages; long, sinuous strokes are appropriate for those to be 
played slowly. 

Most conductors use a baton to keep the beat. Others have 
recently abandoned the baton to free both hands for evocative 
gestures. Choral conductors frequently use two hands to keep the 
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beat. Techniques may vary, and musicians may rely a good deal on 
intuition, but the conductor is essential for coordinating the 
orchestra and for effecting a single interpretation of the piece. The 
system is far from new; Sumerian and Egyptian reliefs from about 
2800 b.c. show figures with hands raised leading players of harps 
and flutes. 




How do they rote movies? 

Movie ratings are determined by a board of seven — six mem- 
bers and a chairman — within the Classification and Rating Admin- 
istration (CARA), under the auspices of the Motion Picture 
Association of America (MPAA). The six board members are full- 
time, paid employees based in Hollywood, where they watch 
movies nearly all day long. “The members are selected,” says 
Chairman of the Board Richard D. Heffner, “with two goals in 
mind: flexibility and stability.” Thus, two members holding long 
terms are “old-timers” who are well acquainted with film history; 
no one, however, is granted tenure. Two others are people on 
one- or two-year leave from their regular professional involve- 
ments — one, for instance, is a writer. Being more recently 
involved with the outside world, these members reflect changing 
attitudes and social mores, particularly those of parents. The other 
two members are generally younger people with three-year 
appointments, who will move on, usually to pursue careers in the 
film industry. 

The Motion Picture Association of America’s president, Jack 
Valenti, formulated the voluntary rating system in 1968 with two 
other organizations: the National Association of Theater Owners 
(NATO) and the International Film Importers and Distributors of 
America (IFIDA). Their stated purpose was and continues to be to 
advise parents in advance of what they are likely to consider 
suitable for their children, so that they may make an informed 
decision about whether their kids should see it. But the rating 
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system was also designed to safeguard artistic freedom — by not 
making value judgments and by acting in lieu of government 
controls, which the motion picture industry fears would undoubt- 
edly be more rigid. 

The concerns involved in classifying a film include theme, 
language, nudity and sex, and violence. The categories established 
in 1968 are basically the same today, though the cutoff age for R 
and X ratings, which used to be 16, is now 17. The categories are: 

G: “General Audiences .” The board applies this rating to films 
that contain nothing that might be offensive to parents even when 
their youngest children view the film. MPAA says, “Some 
snippets of language may go beyond polite conversation, but they 
are common everyday expressions. . . . The violence is at a 
minimum. Nudity and sex scenes are not present.” 

PG: “Parental Guidance Suggested .” These films may contain 
some profanity, some violence, and brief nudity, but no extended 
or severe horror or sex. The PG rating acts as an alert to parents to 
take responsibility for their children’s moviegoing. 

R: “Restricted, under 17s require accompanying parent or 
guardian.” Here the “language may be rough, the violence may 
be hard, and while explicit sex is not to be found . . . nudity and 
love-making may be involved. ” Parents must be there to take the 
edge off a youngster’s film experience. 

X: “No one under 17 admitted.” These patently “adult” films 
may contain an “accumulation of brutal or sexually connected 
language, or of explicit sex or excessive and sadistic violence.” 
Apparently many producers of particularly violent or sexual films 
never even submit their films to the board for ratings, but simply 
apply an X themselves, hoping to attract those on the lookout for 
as much excitement as they can get. (No other rating, however, 
can be self-applied.) 

The ratings are not comparative or imitative. The board claims 
to classify each film individually, taking note of what elements are 
present, to what extent, and for how long, so that the rating 
usually reflects a summation of the film, not a particular scene. 
One exception is the appearance of any harsh, sexually derived 
words, which automatically drive the film into the R category. 
Otherwise there is no predetermined set of rules. Richard Heffner 
(who is a historian, teacher, and author of A Documentary History 
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of the United States as well as chairman of the ratings board) said, 

. . there is no pretense that all of one kind of film content . . . 
must go into one classification rather than another. That would 
be unrealistic, a denial of the nature of contemporary films — 
and their audiences.” Each board member first applies an over- 
all rating, then fills out a rating form giving his or her reason 
for rating in each of several categories, and then applies an overall 
rating. The final rating is decided by majority vote. 

Because of the flexibility of the system and the absence of 
absolute criteria, there is much debate about the ratings — and 
many an irate producer who feels he will lose half his audience 
because of an R rating, say, on a film he considers PG (and vice 
versa!). Such disgruntled producers may revise their film and 
resubmit it, which means the board must sit through two, three, 
sometimes eight versions of the same film. If disagreement 
persists, the producer may appeal the decision to a Rating Appeals 
Board, composed of twenty-four members from MPAA, NATO, 
and IFIDA. Such was the case with the producers of Dogs, rated 
R. Heffner, however, remained steadfast in his defense of the 
rating board’s decision: 

. . . the Rating Board feels that most parents of young 
children would consider it inappropriate to classify Dogs 
as “PG,” given its many scenes both of vicious dog 
attacks upon human beings and of their bloody results. 

Dogs are not, after all, seldom-seen denizens of the 
deep or of the wilderness that children generally 
encounter only in fictional situations. They are house- 
hold pets, the favorites of American children. And we 
believe that most American parents will find the results 
of their frenzied attacks upon human beings — as de- 
picted so forcefully in [the] film — far too heavy for their 
younger children to see unaccompanied by an adult. 

We . . . appreciate the fact that the fearsomeness 
upon which we base our “R” for Dogs is considered 
basic to the film’s essence and purpose. But we believe 
that that fearsomeness also takes the film far beyond 
what most parents will anticipate or accept in the “PG” 
classification. 


132 


How does o Polaroid picture develop in brood daylight? 


Each frame in a pack of Polaroid film is a self-contained unit that 
serves as film, darkroom, and finished print. It works its sorcery in 
the seventeen chemical layers crammed with great precision 
under the surface of a square image area less than .002 inch thick. 
Migrating among these layers are the dyes that make the picture, 
the developing agents that bring the colors out, and the opacifier 
dye, which protects the image as it develops. 

After you take a shot, the camera sends your picture-to-be 
through a set of rollers that squeeze it like an old-fashioned clothes 
wringer. This breaks open a pod lining one side of the image area 
and forces liquid reagents (chemicals that cause reactions) to flow 
among the film layers and make your picture emerge. These 
include white pigment, water, developers, opacifiers, and alkalis. 
The entire process goes on under the surface. The white pigment 
in the reagent makes the white areas in the print; the colors rise 
from beneath. 

The opacifier spreads with the other reagents all the way across 
the emulsion to prevent any further exposure of the film; it is a 
whitish dye that keeps light from bombarding the sensitive layers 
below by absorbing it before it can penetrate further; the dye 
absorbs light only when in an alkaline solution, however. The 
reagents squeezed in with the opacifier are themselves alkalines so 
as the processing finishes and the reagents are used up, the solu- 
tion becomes less alkaline, and the opacifier stops absorbing light 
and turns transparent. This lets the colors of your new picture 
shine through. 

Colors are made in a photographic image by mixing only three 
basic dyes: cyan (blue-green), magenta (purplish red), and yellow. 
Combinations of these can make any color in nature. The three 
colors work together because each of them is in a way the opposite 
of something: yellow is the color you get by mixing all the colors of 
the spectrum except blue; magenta is everything but green; and 
cyan is the spectrum minus red. Thus, to get a certain area of film 
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to show up green, all the magenta dye at that spot must somehow 
be concealed while the cyan and yellow are brought forth. 

In Polaroid film, developers attached to the dye molecules 
themselves, called dye developers, make a certain color appear by 
immobilizing the dyes that aren’t needed for it. The immobilized 
dyes stay concealed under the many chemical layers, and the 
needed dyes float to the top where you can see them. 

The dyes begin in separate layers at the bottom of the stack of 
seventeen. Each dye layer is overlaid by a thin covering of silver 
halide, a chemical sensitive to light. The halide above each dye is 
sensitive to a different color of light. For instance, when light from 
a green object strikes an area of the film, the green-sensitive 
halide molecules — which cover the magenta dye — change their 
shape. As the reagent flows in, the exposed green-sensitive silver 
halide reacts with the magenta dye underneath it and holds it in 
place. Meanwhile, the unexposed halides over the cyan and 
yellow layers at that spot (which aren’t sensitive to green light) 
haven’t changed their shape, and they don’t react with the dyes 
they cover; so cyan and yellow float freely up to a positive upper 
layer to make the green you see in your picture. They are trapped 
there by another chemical, to keep them from migrating any more 
and spoiling the image. 

A clear plastic top layer protects the finished print from damage 
and even makes it look brighter, as light from the room bounces 
back and forth between the glossy emulsion and the plastic coat. 

The exact processes and chemical names involved in Polaroid 
photography are still cloaked in fierce industrial secrecy and are 
protected by several hundred unreadable patents (patents are 
written to obscure deliberately what the invention in question is to 
be used for, to make it harder for competitors to benefit from any 
of the information in them). This incredibly intricate technology is 
the result of forty years of continuous research and invention in 
light theory, machine engineering, and organic chemistry. Several 
hundred compounds new to the planet Earth were whipped up 
specially in the effort to perfect instant photography — all for the 
sake of those 60 seconds of magic, and for the image that preserves 
a moment of your everyday life. 
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How do they get com off the cob and into the con? 


When truckloads of freshly picked corn arrive at a processing 
plant, the ears are dumped onto a conveyor belt that transports 
them to a husking machine. Rotating rollers with fluted surfaces 
strip the foliage and stalk from the randomly fed com and send it 
on for inspection. Immature or diseased corn is removed by hand; 
in some plants the most perfect ears are selected to be marketed as 
frozen corn on the cob. The remaining healthy ears are then sent 
along a conveyor belt to the cutters. Workers must stand on either 
side of the belt and line up the corn by hand so that it enters the 
machine straight on, butt end first. Some machines have rotating 
blades that remove the kernels of corn; in others the blades are 
stationary and the ears are simply pushed through. Small ears are 
accommodated by automatic adjustments in the blades, which 
open and close radially like the aperture on a camera. The blades 
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on older machines were set by a spring-loading device to a 
minimum opening, so that the ears would push them open to the 
necessary degree. On newer machines, the ears pass between 
rollers that gauge the size of the ear, and a linkage to the blade 
head opens it accordingly. Corn is stripped from the cob as fast as 
the workers can line up the ears, which is about 100 ears per 
minute. The machines themselves are capable of cutting 120 to 
140 ears per minute. 

The completion of the packing process is surprising: the corn is 
vacuum-canned and sealed before it is cooked. The cans then go to 
a retort, or huge steam pressure cooker, where they stand while 
the contents cook. Some plants have a spiral running the length of 
the retort, which rolls the cans continuously to allow better 
penetration of heat and more even distribution inside the can. 
Finally, rollers on a conveyor pass transport the cans from the 
cooker to a machine that stacks them in the “shine state” — labels 
may be added at the plant or later at a distribution center. 




How do they moke mirrors? 

Whether out of curiosity, vanity, or a motive as yet unexplored, 
people throughout the ages have wanted to see their own 
reflection. As early as 2500 b.c. the Egyptians had mirrors of 
highly polished metal, usually of bronze, occasionally of silver or 
gold. The first commercial glass mirrors were made in Venice in 
1564; these were made of blown glass that was flattened and 
coated with an amalgam of mercury and tin. The Venetians 
proceeded to supply Europe with mirrors for centuries. It wasn’t 
until 1840 that a German chemist named Justus Liebig came up 
with the method of silvering that we use today. By this technique, 
silver-ammonia compounds are subjected to the chemical action of 
a reducing agent, such as invert sugar, Rochelle salt, or for- 
maldehyde, and the resulting metallic silver is spread evenly over 
the back of a smooth pane of plate glass. 
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Although scarcely noticeable in everyday use, plane mirrors 
actually produce multiple images: a slight reflection from the front 
as well as the stronger reflection from the back. The distortion, 
caused by small amounts of light passing through the glass, 
becomes extremely significant in scientific use, for which precision 
is imperative. The mirrors used in telescopes, therefore, are 
coated on the front as well as on the back. Aluminum, or 
aluminum and chromium, has replaced silver, which tarnishes 
rather easily. The coating is formed by vacuum deposition, a 
method in which the metal is heated on a coil in a vacuum 
chamber. The resulting vapor deposits a very thin film — a few 
millionths of an inch thick — onto glass ground to the proper 
spherical or paraboloidal shape. 



How do cornels go without water? 

The notion that camels can go without water completely is a 
myth, nor do they use their extraordinary humps as storage tanks 
for water. The fact is, camels are able to make long, burdened 
treks across blazing deserts where oases are few and far between 
because of their uncommonly economical use of water. They are 
able to tolerate a greater depletion of body water (30 percent) than 
human beings, who can stand to lose only about 12 percent, 
because camels lose water from their body tissues alone, leaving 
the water content of the blood fairly constant. Most mammals, on 
the other hand, lose water from the blood, which becomes 
increasingly viscous and sluggish until it no longer carries away a 
sufficient amount of metabolic body heat and leads to heat 
prostration, collapse, and possible death. 

Camels can also consume up to 25 gallons of water in a very 
short time, taking in as much as they have lost and thoroughly 
diluting their body tissues without dying of water intoxication (a 
condition in which the cells are overly flooded) as would other 
mammals. 
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Camels can tolerate not only wide variations in water content, 
but also a rather broad range of body temperatures, which helps 
them use water economically. During the summer in North 
Africa, for example, a camel’s temperature might be 93 degrees 
Fahrenheit in the morning and rise to 105.3 degrees Fahrenheit in 
the afternoon. The camel does not begin to sweat, however, until 
the higher temperature is reached, which means water loss by 
sweating is limited. The coarse hair on the camel’s back helps 
block some of the sun’s heat, but it is well ventilated enough to 
allow cooling by quick evaporation of sweat. 

Little water is lost in the camel’s feces. The rate of urine flow is 
low, and, to compensate, the kidneys secrete a very low amount of 
urea, particularly when protein is scarce. To help them survive in 
the torrid deserts of Central Asia, India, and North Africa, the 
camels’ metabolic rate is low, allowing these phlegmatic animals to 
live on low-grade, dry food and to stay away from water holes for 
stretches of two weeks or more. 




How do they measure the elevation of a city or mountain? 


In addition to the networks of highways, railroads, and tele- 
phone wires that connect the farthest sections of the country, 
another, less visible system exists by which elevations of towns, 
cities, mountains, and lakes have been determined. Points of 
reference are marked by thousands of bench marks from coast to 
coast, the work of state surveys, the U.S. Geological Survey, the 
U.S. Coast and Geodetic Survey, and others. “Monumented” 
bench marks (which appear on maps as oblique cross symbols with 
the letters BM ) are identified by standard tablets set in concrete or 
stone posts, firm rock, or buildings. Nonmonumented bench 
marks may consist of chiseled squares or crosses in masonry 
structures, metal pins or nails in concrete, or copper nails and 
washers in tree roots. This ever spreading network is the means of 
arriving at our most precise determinations of elevation. Such 
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bench marks 



determinations are not only a matter of general interest to the 
public; they are highly important for control of topographic 
mapping and necessary for many surveying and civil engineering 
operations. 

In the United States, geodetic elevations refer to mean sea 
level, which is the average height of the sea measured hourly over 
a period of nineteen years. (In this length of time the earth 
completes a cycle incorporating the full sweep of tidal variations.) 
The first transcontinental line of precise levels started in 1878 at a 
tidal station in Sandy Hook, New Jersey, which was intended to 
provide a vertical control along the 39th parallel. Measurements 
along this line, taken across the entire continent, were described 
as being on the “Sandy Hook Datum.” The first ties to the Pacific 
coast were made at Seattle, Washington, in 1907 and at San 
Diego, California, in 1912. 

In 1929 increased knowledge about sea level resulted in a so- 
called special adjustment. Mean sea level apparently slopes 
upward to the north along the Atlantic and Pacific coasts, and to 
the west along the Gulf coast. It is also somewhat higher on the 
Pacific coast than on the Atlantic. New data were obtained from 
twenty-six tidal gauges at twenty-one United States sites and five 
locations in Canada. It is on the basis of those measurements that 
the elevations we know today were determined. 

With a known elevation in hand, surveyors may advance the 
line of controls by several methods. By far the most common is 
leveling, which is classified in four orders of decreasing accuracy. 
(First-order leveling, for example, extends over a distance of .05 to 
1 mile, measures to an accuracy of .017 foot per mile, and 
establishes bench marks at least every mile. Third-order, on the 
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other hand, is slightly less precise; monumented bench marks are 
placed within 3-mile limits.) The U.S. Coast and Geodetic Survey 
is responsible for most first- and second-order controls. Whenever 
possible, points are identified and measured along highways and 
railroads, the most accessible sites available. 

A leveling crew consists of a levelman, a recorder, and two 
rodmen. The standard level is equipped with a telescope for 
sighting and a leveling device for making and maintaining a 
horizontal line of sight. This device is either a sort of pendulum, 
which operates quickly and accurately by the force of gravity, or a 
cylindrical vial containing a bubble, which must be adjusted 
manually. The levelman first sights a rod (graduated in hundredths 
of a yard) held on a point whose elevation is known. He adds the 
rod reading to this elevation in order to determine the height of 
his instrument. He then turns the level in the direction he wishes 
to progress and sights another rod, usually about 50 feet away. In 
the most precise leveling, the two rods must be exactly equidistant 
from the level to prevent any distortion due to refraction or the 
curvature of the earth. The elevation at the point of the second rod 
is found by subtracting the new rod reading from the height of the 
instrument. The level is then advanced to a new setup and the 
procedure repeated, using the newly determined elevation as a 
reference. Various checks are made to prevent errors, which can 
be magnified greatly over substantial distances. 

A leveling crew may progress quite happily down a high- 
way or across a field, but dense forests, steep inclines, and 
mountains present new sets of problems. Siting points step by 
stepup a massive, icy peak such as Mount McKinley would, of 
course, be tricky. In such a case a method of determining a low- 
order elevation without ascending the mountain may be em- 
ployed. In the most widely used technique, a surveyor starts at 
Point A of known elevation at the base of the mountain. If he 
knows the latitudinal and longitudinal coordinates of that point 
and the coordinates of the peak to be measured, he can calculate 
the distance between the two points. Another method of deter- 
mining the distance to the peak is to observe the horizontal angle 
at Point A from Point B to the peak, observe the horizontal angle 
at Point B from the peak to Point A, and determine the distance 
between Point A and Point B. The distances from Point A and 
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In the foreground, a leveling team made up of a front rodman, re- 
corder, levelman, and rear rodman advance along reasonably flat ter- 
rain, determining new points of elevation from points where the 
elevation is known. In the background, a surveyor sights the mountain 
peak with a theodolite in the process of determining its elevation, 
using angle measurement and the distances between the three points: 
A, B, and the peak. 
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Point B to the peak can then be computed. Using a theodolite — an 
instrument that measures both horizontal and vertical angles — the 
surveyor then sights the mountain peak and measures the vertical 
angle. With these two figures (distance between the points and 
vertical angle measurement) he can determine the mountain’s 
elevation trigonometrically. This technique, which measures the 
vertical angle in one direction only, makes use of what is called a 
nonreciprocal vertical angle. 

Reciprocal vertical angles can be used if one can get to the top of 
the mountain and perform the same procedure in reverse — 
sighting Point A and/or Point B at the base of the mountain and 
measuring the vertical angle to it. Also, if one gets to the top of the 
mountain, the distance to Point A and/or Point B could be 
determined by measuring them with an Electronic Distance 
Measuring Instrument (EDMI). (This sophisticated instrument 
has a mirror that reflects light to another instrument — in this case 
at Point A or B — and the distance is calculated automatically on 
the basis of the speed of light.) Elevation differences computed 
from both top and bottom are then compared, and if they are 
within the allowed tolerance, they are combined to arrive at a 
more accurate trigonometric elevation of the mountain. 
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How does a microwave oven cook food from the inside out? 

In 1945 Edison General Electric introduced the first microwave 
oven for popular consumption; since then the commercial and 
domestic use of these ovens has been steadily increasing, largely 
because of the speed with which they cook food. Microwave ovens 
cook food by friction: the oven emits short radio waves (micro- 
waves range from 1 millimeter to 30 centimeters in length) which 
penetrate the food and cause its molecules to vibrate. This motion 
creates heat, which in turn cooks the food. 

Glass, cardboard, and even china containers can safely be 
placed in the oven while it is on, for microwaves pass through 
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without heating them. Also, microwaves bounce off metal without 
altering its temperature. 

A microwave oven contains an electronic vacuum tube called a 
magnitron which converts electrical energy into high-frequency 
microwave energy by oscillation. In most ovens the microwaves 
travel through a metal tube to the metal blades of a stirrer (which 
resembles an electric fan), which then scatters the microwaves 
throughout the oven; they strike the walls, bounce off, and 
penetrate the food. Because of the finite number of microwaves 
produced by the magnitron, microwave cooking is less efficient 
than conventional ovens for cooking large quantities of food. For 
instance, a regular oven takes about an hour to bake one, or many, 
potatoes; a microwave oven can bake one potato in 3 minutes — but 
2 minutes more are needed to bake each additional potato. 




How does q thermostot know your house has cooled off? 

Thermostat means, literally, “heat constant.” Temperature 
changes have a great effect on matter, including the matter human 
beings are made of; being too hot or cold can do the body great 
damage. A thermostat keeps the temperature of a house constant 
by using the response of matter to temperature change to throw 
switches in a heating system on and off 

Most thermostats are based on a bimetallic strip that expands 
and contracts with changes in temperature. A bimetallic strip is a 
strip made of two different metals, bonded together, that have 
different rates of thermal expansion. Heat is the random motion of 
the atoms making up a substance as they collide with one another. 
All matter expands as it is heated, because its atoms have more 
collisions and knock one another farther and farther away. Some 
substances expand more than others. For example, a strip of brass 
expands more quickly than a strip of iron heated to the same 
temperature. If you heat a strip of iron and brass that have been 
bonded together in a metal “sandwich,” the strip as a whole curls 
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toward the iron layer, as the brass seeks to expand while attached 
to the less volatile iron. If you cool the strip, it curls the other way, 
since brass also contracts faster than iron. 

If you run an electric current through the strip, which powers 
an electromagnet to hold your furnace switch in the “on” position, 
a thermostat will turn off the furnace every time the house gets too 
hot and thus keep the temperature within a narrow range. At a 
“cold” temperature — -say, 50 degrees Fahrenheit — the strip, car- 
rying a current, touches a metal contact to keep the magnet 
working and the furnace on. With the brass side facing the 
contact, every time the temperature rises above, say, 65 degrees 
Fahrenheit the brass expands more than the iron and curls 
toward the iron half of the sandwich — away from the contact. This 
breaks the circuit, leaving the electromagnet without power, 
which lets the furnace switch go to “olf.” If the temperature drops 
again, the brass contracts and the strip curls back to the contact, 
switching on the furnace. 

You can also adjust the temperature you want to maintain: by 
sliding the contact toward the tip of the strip, you can lower the 
“threshold” temperature at which the furnace kicks off, since the 
tip moves first as the strip curls. 

A thermostat to control a cooling system has the iron side of the 
strip touching the contact, so the cooler goes off as the brass 
contracts and pulls the iron away. 



How do glosses correct nearsightedness or farsightedness? 

The range of eye problems is vast, and the methods of 
correction are highly refined and complex, but the basic principle 
behind the correction of nearsightedness or farsightedness is quite 
simple. If you have either of these conditions, the purpose of your 
glasses is to converge or diverge the light that enters your eyes so 
that it will focus the image at the right place: on the retina. 

The human eye is spherical. Its outer layer, the sclerotic coat, is 
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white except in the front, where light passes through the cornea, 
whose curved shape bends the light rays in order to focus them. 
The middle or choroid coat, containing pigment and blood vessels, 
forms the iris in front of the eye, with its opening, the pupil. The 
pupil opens or closes in accordance with the amount of light to 
which it is exposed, allowing you to see as clearly as possible in the 
dark while protecting you from intense, direct rays on a hot 
summer day. A lens behind the iris, held in place by suspensory 
ligaments, focuses the incoming light. Contraction of muscles 
attached to the ligaments causes the lens to bend from a flat to a 
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more spherical shape, which in turn shifts the focus of images. In a 
normal eye the lens causes the rays of light to converge on the 
inner coat of the eye, the retina, which contains light-sensitive 
rods and cones. 

If you are farsighted, however, the light doesn’t converge 
enough to bring nearby objects into focus, either because the 
distance from the pupil to the retina is too short or the lens too 
flat. A convex lens in your glasses, which causes the light to 
converge somewhat before it enters the eye, can correct this 
problem, also helping the eye itself to converge the light more 
quickly. Conversely, if you are nearsighted, your eyeball may be 
too long or your lens too spherical, and as a result the image of a 
distant object comes into focus before it reaches the retina, falling 
out of focus again by the time it strikes the retina. A concave lens 
in your glasses should diverge the light sufficiently to compensate. 


How do they determine from the rubble the cause of a 
building's collapse? 

If the rubble always contained the secret of why a building 
collapsed, the work of investigating engineers would be greatly 
facilitated. As it is, digging through and photographing the rubble 
is only a part of the work entailed. Thorough examination must be 
made of the building’s history from the time it was conceived by 
an architect. This means locating and studying the architect’s and 
engineer’s drawings, the engineering calculations, the shop draw- 
ings of contractors and subcontractors for each part, and the 
quality control records kept during the building’s construction. An 
investigating committee would search for any documentation of a 
problem that was never corrected, although if an engineer or 
contractor were aware of such an error, he might not have kept the 
document around. 

As is apparent, determining the cause of a building’s collapse is 
a task for an intuitive Sherlock Holmes with a comprehensive 
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education in engineering. When lawsuits are involved (and they 
generally are when millions of dollars are at stake), you can be sure 
the investigators won’t leave a single beam, rock, or page 
unturned. 

Buildings fail because of one or a combination of the following: 
design errors, construction errors, material deficiencies, or a 
natural disaster that exceeds the safety risk determined by a code, 
which usually is based on what might happen once in a hundred 
years. The first three factors are what concern an investigator, and 
they generally derive from ignorance, carelessness, or greed. For 
example, if an engineer misconstrued the architect’s intention and 
used beams that are too thin to support the roof load or an 
expected snow load, the building suffers from a design error. If the 
contractor failed to use enough guys, or supporting wires, while 
building, the collapse is the result of faulty construction. Another 
possibility is that someone along the way tried to cut costs by using 
concrete that doesn’t meet the strength requirements necessary 
for the building. A sample of concrete is taken at the outset of 
construction and tested for twenty-eight days; as the building is 
begun during this time, “shores” are used to support it until the 
concrete is fully dry and has been proved adequate. Early removal 
of these shores by hasty contractors is a prevalent cause of 
collapse. 

Not all collapses are as spectacular as that of the Hartford Civic 
Center Coliseum, which fell on January 18, 1978. Nor are 
investigations always so extensive as that done by Lev Zetlin 
Associates, Inc. , an engineering firm that did an exhaustive study 
of the entire project. But a glimpse at some of their proceedings 
gives an idea of what is involved in determining the cause of a 
building’s collapse. 

From the start there were investigators in the field, examining 
and photographing the roof structure, a space truss specifically 
designed for the Coliseum. (The space truss consisted of 120 
inverted pyramid modules, each 30 feet square, with intermediate 
bracing members.) Initially, 15 feet of rubble from the roof lay in 
the middle of the Coliseum and obscured what later aerial 
photographs revealed to be a line of buckling right down the 
middle of the building. Findings in the field were constantly 
compared and contrasted with independent studies of architec- 
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tural, structural, and mechanical drawings; electrical, plumbing, 
and space truss architectural drawings; and steel shop drawings for 
the space truss. Especially useful were computer analyses of the 
roof, which simulated its structural behavior in various sequences 
of failure. For example, a series of pictures was drawn simulating 
how the space truss would react under different roof loads. 
Although many Hartford residents thought that snow caused the 
roof collapse, the committee found that the snow load on January 
18 was only 17 pounds per square foot, and the design allowed for 
30 pounds per square foot. On the other hand, the roof load 
(excluding outside factors such as snow) was designed for 40 
pounds per square foot, but the actual load was found to be 53 
pounds per square foot. On a total load basis, the roof structure 
was supporting (or trying to support) 1.5 million pounds more than 
it was designed to sustain. In addition to all this, a metallurgical 
report was drawn up evaluating materials used and their con- 
formity to safety codes. 

By studying the computer drawings and photographs of the 
Coliseum that indicated the direction of collapse, the committee 
realized that failure was progressive, that individual members had 
given way, causing others to fail — a dominolike process that began 
at the time the space truss was erected. A highly technical, 
mathematical analysis of the pyramid modules showed the bracing 
to be inadequate. Collapse was primarily caused by miscalculation 
of the buckling capacity of certain members of the space frame. 




How do they get natural gos to your house? 

When you flick on your gas stove to make a cup of coffee, you 
may be at the receiving end of a delivery system reaching more 
than 1,000 miles. 

Natural gas, created by the decomposition of organic matter, 
becomes trapped in pockets hundreds of feet below the earth’s 
surface. Shafts are drilled into those pockets to obtain the gas, 
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which is fed into transmission lines as large as 42 inches in 
diameter. The gas is pumped at high pressures over great 
distances through an extraordinary network of pipelines that 
supplies the entire country. New York City’s gas, for example, 
comes all the way from Texas and Louisiana, traveling for five days 
at 15 miles per hour. 

When the gas arrives at its destination, the pipeline companies 
route it to metering control stations operated by the local gas 
company. Pressure in the pumped gas is reduced and a chemical 
added to give gas the distinctive smell we associate with it. Natural 
gas is in fact odorless, and dangerous leaks could go undetected if 
the scent chemical were not added. 

Metal or plastic pipes — mains and service pipes — carry gas 
underground to your house or apartment building. These pipes 
are embedded in sand and surrounded by fill at least 3 feet 
underground. Checkpoints occur at regular intervals throughout 
the system, consisting of two manholes, 25 feet apart, each 
equipped with a filter to clean gas of any dirt particles and a 
regulator to increase or decrease the rate of flow. The manholes 
are on the same main, but an alternate pipe can divert the gas 
before the first manhole and return it after the second in the event 
that problems arise with the regulators. The pressure in some gas 
lines also may be monitored at a central control office. Mains 
branch into smaller service lines with control valves to supply each 
house or apartment building. These in turn channel the gas to the 
heaters, air conditioners, or stoves in your home. 

In order to meet high demand for gas in winter, some 
companies store huge quantities in steel tanks in the form of 
liquefied natural gas (LNG). Gas is taken directly from the 
pipelines, cleaned, and chilled to an extremely low temperature of 
— 260 degrees Fahrenheit. As it cools, the gas shrinks. In liquid 
form it occupies only Veoo of the space it does as a vapor, making it 
convenient to store and to transport over land. 
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How do they splice genes? 


Gene splicing, a truly revolutionary feat of molecular biologists 
in recent years, has the potential to make new life forms from 
different organisms and to synthesize cheaply the scarce sub- 
stances needed to cure disease. Among those is the potent 
antiviral protein interferon, which may at last cure the common 
cold and may provide effective treatment of cancer. 

To understand gene splicing, one has to go back to the 1950’s 
and 1960’s, to the research done on the structure of genes. In 1953 
James Watson and Francis Crick discovered the molecular struc- 
ture of DNA, or deoxyribonucleic acid. Some years later they 
discovered that the genes within the nucleus of a cell contain long, 
twisting strands of DNA — a sort of double spiral staircase, or 
“double helix” — and that each strand contains four series of 
smaller branches. It is these four subunits, which are randomly 



1. A DNA gene (a) moves toward a plasmid (b), which has been 
cut with the help of enzymes and lies open to receive the new link. 

2. The DNA gene has latched on to the sticky ends of the plasmid to 
form a new DNA molecule. 

3. The new plasmid is on the verge of penetrating the bacterium 
membrane. Once inside, it will alter the future of the bacterium 
with its new genetic code. 


repeated, that provide the master plan, the unique code, for a 
specific protein; and proteins — in a variety of forms — make up the 
entire human body. Another nucleic acid, RNA (ribonucleic acid), 
is the messenger that carries the genetic code. RNA has one 
strand, with four subunits that arrange themselves to match 
perfectly those of a DNA strand. The RNA then moves out of the 
cell, gathers biochemicals, and formulates protein, the third 
essential ingredient — the stuff of which we are made. 

In the seventies biologists learned that certain enzymes, called 
restriction enzymes, can be used to cut a DNA strand at certain 
places. Bits of DNA actually can be taken out and replaced in a 
different order, or new bits introduced, to provide a brand-new 
blueprint for the RNA to follow. 

Biologists engaged in such research have been working with the 
Escherichia coli bacterium, a single-celled organism that lives in 
the human stomach and intestines. They chose this bacterium 
partly because it contains a thousand times less DNA than a 
human cell. (If unwound, the DNA in a single human cell would 
stretch a mile or more!) First, the E. coli is chemically treated to 
release its DNA. Biologists then isolate a plasmid, a ring of DNA 
integral to the structure of the bacterium. A restriction enzyme 
cuts the plasmid, and the enzyme actually leaves the cut ends of 
the plasmid slightly sticky. When a new DNA gene, which has 
also been treated by the restriction enzyme, leaving it somewhat 
sticky, is introduced, it latches on to the plasmid. The new 
molecule is then returned to the E. coli bacterium, whose 
membrane has been softened with a chemical to allow the plasmid 
to reenter. No matter how foreign the introduced protein may be, 
the bacterium adapts and multiplies according to its new code. 

A hormone called somatostatin was the first protein to be 
synthesized in E . coli by recombinant DNA. Later came insulin, 
then a growth hormone from the pituitary gland, and most 
recently interferon. The tricky part in many instances is locating 
the gene in the first place. Sometimes biologists find the RNA first 
and use it to form DNA. If the RNA is abundant and easy to 
collect, as with insulin, the process is facilitated; if it is scarce, as in 
the case of interferon RNA in the white blood cell, the arduous 
search is for one molecule among thousands. 
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How do they transmit pictures by telephone? 


The transmission of photographs over telephone wires is ex- 
tremely useful — especially for newspapers and magazines which 
may require photographs instantly — and it is not as complicated as 
one might think. 

First, a positive photographic image is illuminated with a small 
light. The whiter the image, the greater the reflection; darker 
images reflect less light. A photocell picks up the reflected light 
and converts it into an electronic signal, which is then transmitted 
over the telephone system. If one were to view with an oscillo- 
scope a picture signal being transmitted over the phone line, it 
would look very much like that of voice or music transmission. 

At the other end, a receiver takes this modulated picture signal, 
extracts the information, and translates the electrical code back 
into an image. There are several different types of receivers, but 
the most common is an electrostatic unit, in which paper charged 
with the appropriate voltage is sent through a toning station that 
produces the image. Older equipment uses ordinary negative 
film, and the recovered electronic signal is used to drive a lamp 
that exposes the negative. The negative is then taken into a 
darkroom and processed just as is ordinary photographic film. 


;> 


How do they actually transfer money from your checking 
account to someone else's? 


When people wrote checks in England as early as 1762, the 
banks hired delivery clerks to run back and forth between banks to 
collect the money. To expedite matters, banks developed clearing- 
houses, organizations in the bank’s locality through which checks 
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were exchanged and net balances settled. Woodrow Wilson 
organized this system on a nationwide basis in the United States 
when he signed the Federal Reserve Act in 1913, which provides a 
national clearing mechanism for checks. A Federal Reserve bank 
acts as a check-clearing and collection center for the banks in its 
district. There are twelve main Federal Reserve banks (and 
twenty-six branches) in major cities across the country. Individual 
banks have deposits at their Federal Reserve (or correspondent) 
bank, where transactions are settled by crediting the sending and 
debiting the receiving banks’ accounts. The Federal Reserve 
banks then must pay each other daily by settling the net balances 
of each day’s transactions on the books of an interdistrict settle- 
ment fund in Washington. 

If you send a check from Chicago, for example, to a friend in 
California, the transfer of money isn’t quite so direct as it might 
appear. First, the friend goes to his local bank in Berkeley and 
deposits your check. The local bank deposits the check for credit 
in the Federal Reserve Bank of San Francisco, which then sends it 
on for collection from the Federal Reserve Bank of Chicago. The 
Federal Reserve Bank of Chicago forwards the check to your own 
local bank, which deducts the amount from your account (assum- 
ing you aren’t bouncing checks) and then tells the Reserve Bank of 
Chicago to deduct the same amount from its deposit account with 
the Reserve Bank. Next, the Federal Reserve Bank of Chicago 
must pay the Federal Reserve Bank of San Francisco by payment 
in its share of the interdistrict settlement fund. The Federal 
Reserve Bank of San Francisco may then credit the local bank in 
Berkeley, which in turn credits your friend’s account. 

In 1979 Americans wrote approximately 34.14 million checks, 
and each year the volume of checks is estimated to increase by 7 
percent. Fifteen billion of these checks passed through Federal 
Reserve banks; the others — particularly those representing large 
transactions between banks — were processed by correspondent 
banks, city clearinghouses, and so on. Most Federal Reserve 
banks are equipped with IBM 3890 processing machines, which, 
at a rate of 100,000 per minute, sort checks into compartments 
representing single banks or groups of banks, at the same time 
weeding out forgeries, checks improperly endorsed or dated, and 
checks drawn on accounts with insufficient funds. In 1979 more 
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than 4,000 full- and part-time employees of the Federal Reserve 
were involved in the national operation of check clearance. 
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How do they moke dry ice? 

This strange substance — ice so cold it burns — is an excellent 
refrigerant, of course, and also a useful source for the ghoulish 
vapors in vampire and mystery movies. Dry ice is actually 
composed of carbon dioxide, which at normal temperatures 
sublimes, or becomes a gas. 

The carbon dioxide is stored and shipped as a liquid in tanks at 
pressures approaching 1,073 pounds per square inch. In order to 
make dry ice, the liquid is withdrawn from a tank and allowed to 
evaporate at a normal pressure in a porous bag. This rapid 
evaporation consumes so much heat that part of the liquid C0 2 
freezes to a temperature of -109 degrees Fahrenheit. Looking 
something like snow, the frozen liquid is then compressed by 
machine into blocks, which can be shipped and sold, and which 
will, in time, melt away to a gas. 



How does radiation therapy help cure cancer? 

Radiation works on cancer because it damages cells; by and 
large, normal cells recover from the bombardment better than 
malignant ones. 

“Radiation” in this case refers to ionizing radiation — a flow of 
energy that tends to split the molecule it strikes into ions, or 
particles with an electrical charge. For example, when a water 
molecule is ionized, it is rearranged from the familiar H 2 0 
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molecule into a positive ion and a negative ion: H + and OH - . 
Ionizing a cell’s contents with an outside force disrupts its 
functioning. 

The radiation used in cancer therapy consists of either X rays — 
high-frequency light that penetrates flesh easily — or particle 
radiation — a flow of tiny particles given off by the atoms of certain 
elements. Both kinds of radiation ionize what they strike. X rays 
are beamed at a tumor through an electrically powered X-ray 
tube, whereas pieces of radioactive elements such as radium or 
radioactive phosphorus are implanted directly into cancerous 
tissue to disrupt the malignant cells. 

Tumor cells are dangerous because they get in the way of 
normal bodily functions: they begin as normal cells, but because of 
a change, or mutation, in their genes, they stop performing their 
usual tasks and start reproducing wildly. They use up the 
nutrients and blood supply around them and push vital organs 
aside as they grow. Radiation tends to kill rapidly multiplying cells 
more than others, for some reason, and also damages the blood 
vessels supplying malignant cells. If the therapy works, the tumor 
stops growing or slows down. This gives the body’s own defenses a 
better chance at destroying it and makes other treatments such as 
surgery and chemotherapy more effective. 

As with any procedure using radiation on the body, radiation 
treatment incurs some risks, since it does damage normal cells as 
well as defective ones. Doctors minimize the risks by limiting the 
area of the body bombarded to the tumor itself, as much as 
possible, and by spacing radiation doses over time to give normal 
tissue time to recover between treatments. Radiation therapy is 
used when the long-term risks of cancer and birth defects caused 
by the radiation are outweighed by the imminent threat to the 
patient’s life posed by a cancer in the body. 
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How do they suspend o suspension bridge? 

Although modern suspension bridges dazzle the eye as awesome 
feats of technology, the engineering form is nearly as old as man 
himself. Vines were the source of cables on the earliest suspension 
bridges. In the fourth century a.d. plaited bamboo and iron cables 
were used on bridges in India. 

The first truly modern suspension bridge was constructed in the 
mid-nineteenth century by John Augustus Roebling, a German- 
born American engineer. His bridges, which still stand, have 
towers supporting massive cables, tension anchorage for the stays, 
a roadway suspended from main cables, and — a vitally important 
innovation — a stiffening deck below or beside the road deck to 
prevent oscillation. Roebling’s first grand success, a bridge with 
four suspension cables and two decks, spanned Niagara Falls in 
1855. The determined engineer soon undertook a still more 



traveling rope 
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Suspending parallel wire cables on a suspension bridge. 


ambitious task: construction of the Brooklyn Bridge connecting 
Long Island and downtown Manhattan, a distance of 1,600 feet 
across the East River. In 1867 Roebling had the revolutionary idea 
of using steel wire, more resilient than iron, for the cables. Six 
iron trusses would run the length of the bridge’s floor for stability. 
Aesthetics, too, were a consideration, as evidenced by the 
beautiful stays and broad walkway. Roebling had a tragic accident 
and died in 1869, but his son Washington Augustus Roebling 
assumed responsibility for construction, which was not completed 
until 1883. 

In order to dig the foundations and sink the towers of the 
Brooklyn Bridge, Roebling used pneumatic caissons, a method 
still very much in the experimental stage in his day. A pneumatic 
caisson is a huge box or cylinder with a lower cutting edge, closed 
at the top and filled with compressed air to prevent soil and water 
from pouring in. The vessel contains an internal, airtight deck, 
with pressurized chambers below, where workers excavate the 
water bed. Mud and rubble are hauled out through another air 
lock, and concrete is lowered in. Pneumatic caissons today are 
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constructed of reinforced concrete; Roebling’s caissons (which 
measured approximately 100 by 160 feet) were made of yellow 
pine, coated with pitch on the inside, with tin on the outside. 
Furthermore, no one in the mid-nineteenth century understood 
the necessity of decompressing slowly after working in the 
chambers of the caisson; more than 100 workers — and Roebling 
himself — suffered severe cases of “the bends.” Today, the length 
of time one can spend underwater and the rate of decompression 
are regulated by law. 

Roebling’s two pneumatic caissons suffered a series of disas- 
ters — floods, fires, and blowouts — as the cutting edges gradually 
sank into the riverbed. Working three shifts of eight hours each for 
more than two years, 360 men removed mud and gravel, exploded 
the hard clay bottom, and removed traprock and gneiss — all by the 
light of gas burners and calcium lights. 

Erecting the cables occupied another twenty-six months. After 
the 271.5-foot towers were constructed, the first wire connecting 
the banks was towed across by scow and hoisted into position 
between the towers. A second rope was dragged back and the two 
ends spliced together, forming a continuous rope, or “traveler 
rope.” On each bank the rope was looped around driving and 
guiding wheels attached to the anchorages. (In all suspension 
bridges, anchorages secure the ends of the cables and may be 
made of masonry, concrete, or natural rock.) Next, other ropes 
were drawn across and a planked footbridge built from which to 
regulate the placement of cables. Large wheels of wire were 
positioned near the anchorages on the Brooklyn side. A loop of two 
wires was hung around the light wheels of a “traveling sheave,” 
which in turn was fastened to the traveler rope. Thus one trip of 
the sheave carried two wires from the Brooklyn to the New York 
bank, where they were fastened to a horseshoe-shaped structure 
called a shoe. The sheave was returned empty to the Brooklyn 
side, and a second sheave brought two more wires across. A total 
of 286 wires, bound parallel, went into each strand, and nineteen 
strands, in turn, made up each of the four massive cables. 

The modern method of suspending a suspension bridge, al- 
though faster and more efficient, is not very different from that 
instigated by the Roeblings. Tower and anchorage foundations are 
laid first by underwater excavating, driving piles, use of pneumatic 
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caissons, or cofferdam (a wall that isolates the area of work) — 
depending upon the condition of the water bed. Next, the 
concrete pier tops are leveled. Steel slabs nearly 5 inches thick are 
attached to the piers with steel dowels, and bottom sections of the 
towers are welded to the slabs. Steel platforms, equipped with 
cranes and other hoisting gear, are slung between the low towers, 
which are gradually built up. Cables of high-tensile steel, with 
individual parallel wires or twisted wires, may be as massive as 1 
yard or more in diameter. Lengths of cables are put onto huge 
reels bearing nearly 30 miles apiece, the ends of the cables being 
carefully spliced together. A carriage motivated by a pulley system 
bears the reel over a fixed cable, from one anchorage up over the 
towers to the opposite shore. There the loop is anchored and a 
new one placed on the wheel. In order for the construction crew 
to have access to the cables, a temporary catwalk of cross timbers 
is erected. Another machine binds the cables together with wire. 
Finally, a coat of corrosion-resistant paint is added. 

The road deck is built out gradually from both sides of the river. 
Or sections of it may be floated out and raised into place. There is 
always a certain degree of distortion, so chords of the stiffening 
truss are added only when the bridge is nearly complete. Until 
that time it remains vulnerable to strong winds. 

The main span (the length between the two towers) of the 
Verrazano-Narrows Bridge, connecting Staten Island and 
Brooklyn, New York, reaches 4,260 feet — the longest in the 
world — and the spectacular Golden Gate Bridge in San Francisco 
stretches a total of 8,981 feet, with a main span of 4,200 feet. The 
strongest suspension bridge is New York’s George Washington 
Bridge, designed by P. H. Ammann and constructed in 1931. 
Each of the four original cables, almost 1 yard in diameter, 



contains 26,474 galvanized steel wires, giving the bridge a live 
load strength of 5,080 pounds per foot. A second road deck was 
added in 1962, and the bridge now accommodates fourteen lanes 
of traffic. 




How do they get catgut for tennis rockets? 

Ailurophiles around the world would have protested long ago if 
catgut were truly from cats. Although the ancient Egyptians, 
Babylonians, and later the Greeks and Romans made the tough 
cords we call catgut, it is doubtful that cats were ever the source. 
Today, at any rate, catgut is actually sheepgut. 

The intestines of a sheep are washed and cut into ribbons. After 
the muscle tissue has been scraped away, the ribbons are soaked 
in an alkaline bath for several hours. They are stretched on frames, 
then removed while still moist to be sorted by size and twisted 
into cords. Finally, they are smoothed and polished. 

Although catgut is increasingly being replaced by nylon or steel 
in the manufacture of tennis rackets, it remains a major source for 
the strings of violins, cellos, guitars, and other musical instru- 
ments. The combination of strength — gut is one of the toughest of 
natural fibers — and flexibility makes it ideal for producing warm, 
crisp sounds. Traditionally, the best catgut for musical instru- 
ments was made in Italy; today the Pirazzi family, who moved 
north to Offenbach, Germany, and who made strings for Paganini, 
make the finest strings anywhere in the world. 

Catgut has surgical uses as well. About 50 percent of all suturing 
is done with catgut. The material, though sturdy, can be absorbed 
slowly by the body after the tissues have healed. 

Finally, most of us have eaten catgut — probably unawares. An 
ever larger proportion of the supply is being used for the casings of 
sausages, which in turn raises the cost of stringing one’s violin or 
tennis racket. 


160 


:> 


How do they match fingerprints? 

In 1883, before fingerprint science was clearly understood as a 
viable means of criminal identification, Mark Twain was on to the 
system — a thumbprint leads to the detection of a murderer in Life 
on the Mississippi. And in Puddnhead Wilson, a novel Twain 



published ten years later, a dramatic court trial highlights the 
infallibility of fingerprint identification. Twain’s tipster was proba- 
bly Sir Francis Galton, an English anthropologist who first 
established the individuality and permanence of fingerprints in 
the 1880’s; his findings led to the installation in 1901 of official 
fingerprinting for criminal identification in England and Wales. A 
system of classification was devised by Edward Richard Henry, 
who became commissioner of London’s Metropolitan Police, and it 
is the Henry System, with modifications and elaborations, that the 
Federal Bureau of Investigation uses today. 

The Identification Division of the FBI was formed in 1924 by 
combining records from both the National Bureau of Criminal 
Identification and Leavenworth Penitentiary. Its purpose was to 
establish a national repository of criminal identification data for 
law enforcement agencies. Today the records have expanded 
vastly to include aliens, armed services personnel, and civilian 
employees. As of October 1, 1976, there were 165 million 
fingerprint cards on file, more than 74 million belonging to the 
criminal division. 


161 






Various fingerprint patterns. 






Thousands of prints related to arrests are sent daily to the FBI. 
Each passes through a lengthy and complex ‘assembly line” of 
processes that date the prints, cross-index the name, classify the 
type of print, and frequently compare the print with existing files 
to make sure the new print is not in fact a duplicate. (Sixty-eight 
percent of persons fingerprinted because of arrests have previous 
records on file.) The preliminary classification (using the Henry 
System) is based on the existence of particular patterns in finger 
impressions, which include loops, arches, and whorls; each of 
these types is subdivided further. An arbitrary value is affixed to 
the appearance of certain characteristics on each finger, and the 
addition of those values results in a formula consisting of code 
letters and numerals. The initial classification, written in the 
upper right-hand corner of the card, directs each print to the 
appropriate file. 

Because of the vastness of the fingerprint files, a fragment of a 
fingerprint from a fraudulent check, for example, cannot — as the 
movies would lead us to believe — lead to discovery of the 
criminal. But if law enforcement agencies provide a list of several 
or even a hundred suspects, the FBI can pull its files and make an 
identification from a tiny fingerprint fragment no bigger than the 
eraser tip of a pencil. 

Various processes, including laser treatment, may be used to 
examine latent prints on crime-related objects. A fraudulent 
check, for example, can be sprayed with a reagent called a 
ninhydrin solution to develop latent impressions. Metal, glass, 
and smooth wood are dusted with a powder that sticks to the 
smallest oily residues left by the skin. After photographing the 
fragment, the technician “lifts” the powder tracing with a flexible 
tape to which the powder adheres. The pattern is then sealed 
under a transparent cellophane cover, and the technician com- 
pares this sample with fingerprints of known suspects. 

The technician bases his identification on the details of fin- 
gerprint ridge characteristics. The ridges in a fingerprint have 
typical directions and forms. Most common are the “ridge ending” 
and the “bifurcation.” The “dot” is another basic characteristic; the 
“short ridge” and the “island” are also recognized. With the aid of 
magnifying equipment, technicians make comparisons based on 
the number of ridges lying between ridge details, the linear 
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elevation or spacing of the details, and their direction. Opinions 
vary about how many points in common between a latent and a 
known print must be found in order to make an absolute 
identification — and the courts do not specify. An acceptable 
number is somewhere between twelve and seventeen, with twelve 
being most frequently quoted, as a result of the French criminolo- 
gist Edmond Lucard’s insistence that this figure is sufficient. 

Fingerprint identification has other purposes besides tracking 
criminals. Lost and bewildered amnesia victims often turn to the 
police for help in discovering who they are. Although the FBI will 
not disclose specific names and places, it reports, for example, that 
in a southwestern state, police received a call from a man in a 
phone booth. He had a gun in a shoulder holster, and no idea of 
his name or where he came from. A set of his prints was sent to the 
FBI, where his U.S. Navy fingerprints, taken elsewhere years 
before, led to his identity. 


164 


How does Frank Perdue kill chickens? 


As the company slogan says, “It takes a tough man to make a 
tender chicken,” and Perdue prides itself on the efficiency with 
which it processes all those chickens, slaughters them, and 
prepares them for the marketplace in a matter of hours. 

If a chicken passes the examination for quality, it is lucky 
enough to be caught by hand from a crate and hung by its feet on 
processing shackles, side by side with hundreds of others. The 
shackles, attached to a conveyor chain, consist of metal loops 
several inches apart into which the legs are hooked. Soothed first 
by red lights, the chickens pass through a tank of water and saline 
solution containing an electrical charge that stuns them. The 
conveyor then advances to a rotating blade that slices their necks, 
killing them instantaneously. Plucking is accomplished by ma- 
chines called pickers: after immersion in very hot water to loosen 
the feathers, the chickens are passed between a series of rotating 
metal drums covered with short rubber fingers that pull off the 
feathers. An assembly line further prepares the chickens for 
market, and they are finally shipped off to a Perdue distributor or 
chain warehouse in a carton that reads: “Any squawks? Call ...” 




How does Ivory soap float? 

In 1879, when Ivory soap was first developed by Procter and 
Gamble, it sank just like any other brand. It had never entered 
anyone’s head to make it float. The soap’s “floatability” actually 
came about by accident. 

According to Procter and Gamble, one day, in the early days of 
Ivory soap manufacture, a worker went off to lunch, forgetting to 
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turn off the machine that mixed the solution of soap. When he 
returned, he discovered a curious frothy mixture. Various workers 
and undoubtedly Mr. Procter himself took a look at the bubbly 
concoction and decided it was still usable — there was no need to 
throw it all away. Not long after the soap hit the market, the 
manufacturer started receiving letters from excited consumers 
asking for more “floating soap.” The idea was novel, and the 
floating soap certainly had its uses — especially if one had to bathe 
in the nearby muddy Ohio River. 

Once the company traced the floating soap to the frothy 
solution, it realized all it need do was to beat air into the mixture 
as it was being made. This made the soap lighter than water so 
that it would float. And that’s exactly what Procter and Gamble 
does with Ivory soap today — though some consumer advocates 
point out that this technique gives less soap for the dollar. 


How do they transplant hair? 

According to Dr. Michael Greenwald, one of the nation’s 
leading hair and skin specialists, hair transplantation was de- 
veloped in the early 1950’s by New York dermatologist Dr. 
Norman Orentreich, and his technique remains today the only 
safe and permanent way to replace hair: a minor surgical office 
procedure in which hair plugs from normal areas of the scalp, such 
as the back and sides, are moved to bald areas. Each plug 
transplanted has seven to fifteen hair follicles and is about the size 
of a pencil eraser. The transplanted hair should last a lifetime, or 
at least as long as the hair would have remained in the region from 
which the transplant was taken. 

The operation itself is fairly simple. The donor area of the scalp 
is deadened with a local anesthetic similar to that used by a 
dentist. The desired number of hair transplants (each measuring 
about %2 inch in diameter) are then removed with a special 
instrument, which penetrates the scalp about Vk inch, or to just 
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beneath the hair follicle. Next, the bald areas are deadened, and 
small plugs of the same diameter are removed and discarded. The 
hair transplants are carefully placed into the previously prepared 
bald areas a fraction of an inch apart and in such a direction that 
they will grow in a natural manner. A cosmetically acceptable 
dressing is then applied, which is removed the next morning. 
There is no more discomfort than one would experience at the 
dentist’s office; the local anesthetic produces a smarting sensation, 
but there is seldom any pain after the procedure. 

The transplanted hair is sometimes shed within four weeks after 
the operation, because of the trauma of surgery. But about eight 
weeks later new hair begins to grow from the healthy follicles, and 
it continues to grow at the normal rate of approximately V 2 inch per 
month. 

As for the portion of the scalp from which the transplants were 
taken, there remain only small scars that are hidden by surround- 
ing hair. In fact, as many as 1,400 transplants from the back of the 
head can be removed without leaving a cosmetic defect. 




How do they know whether your phone is bugged? 

A phone-bugging detection service (or, as it’s known in the 
trade, “intelligence sweeping”) is one of the most secretive 
businesses in the world — topped, perhaps, only by the phone- 
bugging business itself. Phone-bugging detection equipment is 
usually changed by the service every three months, and often 
sooner — but then, so are the phone bugs. 

Intelligence sweep engineers employ a wide variety of equip- 
ment. Although no functional countermeasures can be used to 
prevent the original placement of a bug — which consists of a small 
radio transmitter — the intelligence sweeper utilizes microwaves to 
determine whether or not a phone is bugged and, if it is, where in 
the immediate vicinity the bug resides. The bugs themselves 
operate on a particular radio frequency which allows the con- 
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versation to be broadcast to another party; the intelligence 
sweeper’s microwaves are used to try to spot the exact location of 
the radio waves. Using a hit-or-miss system of triangulation 
(determining a position by taking bearings to two fixed points of a 
known distance apart and computing the dimensions of the 
resultant triangle), the sweeper eventually, arduously, pinpoints 
the location, and then simply performs a physical search to 
discover the transmitter. 

An alternative to contracting for a private, secretive intelligence 
sweep is to call up the phone company. American Telephone and 
Telegraph provides, free of charge, a phone-bugging detection 
service for all its customers. Ask the company to check your phone 
and it will. Last year 10,000 subscribers called for this service, and 
AT & T in turn detected about 200 listening devices. 




How do astronomers know where one galaxy ends and 
another begins? 

When Galileo turned the first telescope toward the heavens, he 
recorded that the Milky Way (the galaxy in which Earth spins) is a 
stretch of innumerable stars grouped together in clusters. Those 
star clusters are, in fact, groupings of solar systems, composed of 
many suns, some with planets revolving around them. Webbing 
all the clusters together, creating a cloud effect, is interstellar gas 
(hydrogen and helium combined with more complex molecules), 
which spreads, in varying densities, across the galaxy. 

The Milky Way is 1,000 light-years thick and 100,000 light-years 
across at its widest. There are approximately 100 billion solar 
systems in the Milky Way, comprising 100 billion to 200 billion 
suns. Those suns release light, which can be seen, and electromag- 
netic energy, which can be detected with radio telescopes. 

The boundaries of a galaxy are marked by the absence of bodies 
(solar systems, star clusters) to attract one another and by the 
thinning of interstellar gas. Between galaxies are enormous voids 
filled only with intergalactic gas — either hydrogen or helium. 
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One way astronomers know where one galaxy ends and another 
begins is by observation of the forms of the galaxies. A galaxy 
known as Messier 31, which is 2.2 million light-years away, can be 
seen with the naked eye. Others require the aid of binoculars and 
small telescopes. Five hundred million galaxies, spanning a 
distance of 5 billion light-years, are within the reach of large 
reflecting telescopes. 

The galaxies appear in a variety of forms. Spiral galaxies have 
well-defined arms tightly wound around a nucleus, whereas 
barred spiral galaxies are characterized by arms emanating from 
both ends of a luminous bar running through a nuclear region. 
Some galaxies, which contain fewer luminous stars, are elliptical; 
another category, called irregular galaxies, includes all those 
having no characteristic pattern. 

It is also possible to photograph galaxies with an optical 
telescope. The instrument collects the galaxy’s light with a mirror 
and reflects it onto a photographic plate from which a photograph 
is made. Large clusters of stars transmit light to the plate, whereas 
the dark spaces between galaxies cast no light, thus defining a 
galaxy’s boundaries. One of the largest optical telescopes in the 
world is the Hale reflecting telescope on Mount Palomar in 
California. Its mirror, measuring nearly 5V2 yards in diameter, 
collects 1 million times more light than the eye. 

A more reliable, and now more widely used, device used to 
observe the galaxies is the radio telescope. Like optical telescopes, 
most radio telescopes can be positioned to “look” at different 
points in the universe. Some are shaped like large dishes; others 
consist of a group of antennae; several are actually built into 
natural craters in the earth. The paraboloidal dish of a typical radio 
telescope reflects and focuses radio waves to a “feed antenna,” or 
pickup device, at the center of the telescope. After amplification 
by a receiver, the signals are conveyed by cable to a computer, 
which reads the intensity of the radio waves thus received from 
various points. A computer printout shows how radiomagnetic 
energy is concentrated and dispersed throughout a galaxy. At the 
boundaries of the galaxy, radio waves, like light waves, become 
very weak, and thus does the printout show where a galaxy begins 
and ends. 

The largest radio telescope in the world lies in the hills near 
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Arecibo, Puerto Rico. Its vast reflector dish, lined with aluminum 
panels, measures 1,000 feet in diameter. The most powerful radio 
telescope, however, named the Very Large Array (VLA), has a 
series of fifteen dish-shaped antennae, each 82 feet in diameter, 
spread in a Y shape across the plains near Socorro, New Mexico. 
When all twenty-seven antennae act together electronically, the 
telescope has the resolving power of a single dish 17 miles in 
diameter. 




How do they produce hashish? 

In the thirteenth century, Marco Polo observed Chinese 
farmers smoking hashish as they tended their rice fields. The 
Arabian Nights of the early sixteenth century paints mysterious 
and dreamy scenes of Arabs getting high for days and nights on 
end. But the magical recipe for making hashish was known 
centuries before that. A Chinese doctor, writing in 2747 b.c., 
prescribed hashish as a cure for malaria and absentmindedness. 
Since hashish lowers one’s body temperature slightly, it might 
ease a malarial fever; but as a solution to absentmindedness — the 
advice certainly seems questionable today! 

Hashish, like marijuana, comes from the hemp plant, Cannabis 
sativa. The active ingredient in both is tetrahydrocannabinol, or 
THC. The effects of the two are similar, but hashish is much 
stronger, having a higher percentage of THC — 10 to 15 percent as 
opposed to 1 to 3 percent in marijuana. 

Marijuana comprises leaves, flowers, stems, and seeds that have 
been dried and chopped, but hashish comes only from the very 
top of the plant, where a rich resin oozes from the budding flowers 
and seed heads. In various parts of Asia, the female cannabis 
plants — which are more potent than their male counterparts — are 
collected before they have flowered fully. The resin, which 
provides the liquid base of hashish, is separated from buds and 
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leaves by beating the plants against burlap until small lumps 
congeal. Sugar is usually added later for weight. 

The most potent hashish anywhere in the world comes from 
India — but you won’t find this charas in the United States; the 
crumbly cakes of hashish are too fragile to be transported easily. In 
India, resin containing an exceptionally high percentage of THC is 
wiped from the female plants and is then mixed, but not 
chemically combined, with other ingredients. Only the Indian 
hemp plant, Cannabis sativa, produces pure charas. Cannabis 
indica of Africa and Asia and Cannabis americana of South 
America, Latin America, and the United States do not. 

Hashish may be bought in liquid form, which is simply resin 
mixed with water or syrupy glucose. In North Africa a white 
powder type of hashish is used, consisting of resin that has been 
dried in the sun. Although never exported, it shows up in the 
notorious “green cookies” (which are actually tan) made in 
Marrakesh. 

The most common type of hashish comes in the form of a block 
or lump and is produced in Lebanon, Nepal, and North Africa. 
The resin and a very small proportion of other ingredients, 
particularly sugar, have been stirred together over heat and dried 
in intense heat so that the different elements combine. This 
hashish is often quite dark, but it’s a myth that the darker the 
hashish the better — some manufacturers add iodine to deepen the 
color. 




How do they create spectacular fireworks? 

As far back as the tenth century the Chinese were making fire- 
works, using saltpeter, sulfur, and charcoal. With the invention of 
gunpowder (which is actually composed of those same ingre- 
dients), the manufacture and display of fireworks came under 
military control in Europe until the eighteenth century, when the 
Italians, notable enthusiasts of fireworks, took the lead in using 
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them at festivals and celebrations. (Today the rapid fire of dizzying 
rockets and pinwheels reflected in the canals near Venice’s San 
Marco each July in celebration of the Feast of the Redeemer 
surpasses any show here on the Fourth.) The nineteenth century 
brought some stupendous shows in England, initiated by the 
manufacturers themselves. Charles Thomas Brock sponsored 
shows at the Crystal Palace near London using lances, or tiny, 
brightly burning tubes, to trace out words, pictures, and portraits 
of famous people — with some 35,000 lances per piece. 

Fireworks contain excess fuel so that after the initial blast, some 
remains to burn in the air. Most are made of potassium nitrate, 
sulfur, and finely ground charcoal. Others contain potassium 
nitrate and salts of antimony, or arsenic and sulfur. Gunpowder 
provides the lift and explosion, and potassium chlorate creates 
brilliant colors. 

The different patterns created by fireworks in the air are 
determined by variations in composition, arrangement, and cas- 
ing. Roman candles, for example, packed in a case 3 A inch in 
diameter, have three layers, each with three different types of 
material: a “fountain” charge of sulfur, charcoal, saltpeter, and 
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other metal particles that give off sparks; “stars” — white or colored 
compounds that burn for a few seconds; and gunpowder. In each 
layer the fountain burns and lights the star, which is shot out by 
the gunpowder. Other types, such as shells that are filled with 
stars, have smaller shells inside that produce successive blasts 
after the first. The casing for pinwheels has a nozzle at each end 
and a central nail around which the explosive material revolves. 
Rockets have a paper cap on a cylindrical case tightly packed with 
stars and gunpowder. When the fuse is lit, burning occurs in a 
lower conical cavity. A propelling charge sends the rocket soaring, 
then ignites the gunpowder and stars for a breathtaking spectacle 
in midair. 

How does Planters shell oil those peanuts without breaking 
them? 

Shelling peanuts may not seem like a difficult or very interesting 
task, but when you’re talking about cleaning, sizing, and shelling 
100,000 pounds of peanuts an hour (which the Planters plant in 
Aulander, North Carolina, can do), the process is a major 
operation. 

To begin with, peanuts are extremely dirty, for they grow in the 
ground and arrive at the processing plants along with sticks, 
rubble, and clods of dirt that often bear a dangerous resemblance 
in both size and color to the peanuts themselves. The entire load 
of peanuts (and accompaniments) is dumped into a reel machine 
that removes some of the rocks, dirt, and sticks clinging to the 
peanuts. What’s left is conveyed to a louver deck with 2-inch 
square openings, through which the peanuts fall; the larger, alien 
materials are “floated” off and discarded. A second deck screen 
with small openings does exactly the opposite: there the dirt 
fragments and grass slip through the screen and the peanuts 
remain behind. Then the peanuts are sent across a series of 
screens that separate the peanuts into five different sizes. The 
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smallest drop through the screen with the smallest holes, those 
that don’t fit pass on to the next, and so on. 

The peanuts are then roasted in their shells and sent along a 
conveyor belt, where an electric eye sorts out discolored ones; 
workers pick out the remaining rejects by hand. 

Finally, the good, healthy peanuts head for the shellers. These 
consist of semicircular baskets with openings of different sizes to 
accommodate the different-size peanuts. The openings are mea- 
sured in sixty-fourths of an inch: a ‘ <3 %4” is used for the largest 
peanuts. Four bars bolted onto a central hub turn at a rate of 200 
revolutions per minute. The beaters, which have sharp edges, are 
precisely placed at a specific distance from the basket so that as the 
peanuts are struck, they are forced down through the holes — and 
as they go, the shells crack. Peanuts and broken shells alike 
tumble through, and large suction fans draw off the hulls, leaving 
the heavier peanuts behind. 

Now that the peanuts are shelled, they are again sized by rolling 
them back and forth across screens, and the peanuts that have 
made it through still in their shells are sent back to a smaller-size 
shelling unit. Remaining shells and sticks are cleaned out by a 
machine that throws the peanuts up an incline; bizarre as it seems, 
the peanuts move up but sticks, grass, and the like never reach the 
top. (This makes sense if you consider that a hurled stone goes 
faster and farther than a feather thrown with the same force.) 
Another electric eye then scans the peanuts for dark or discolored 
skin, and a final visual inspection is made by workers who look 
over the peanuts on a series of tables and pick out any damaged 
ones and any lingering foreign matter. Ultimately there are five 
edible grades, and a remaining group of small, immature peanuts 
to be processed into peanut oil. 

And how long does the entire complicated process take? Barely 
30 minutes. 
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How do they give you fresh air in o 747, flying ot on altitude 
of 40,000 feet? 

The airlines seem to compete with one another to make flying at 

30.000 or 40,000 feet above the earth as comfortable, homey, and 
as similar to life on the ground as possible. They boast good food 
and wine, provide magazines and pillows, and — something we 
take for granted wherever we are — supply us with air at a 
comfortable temperature and pressure. Remarkably, this air 
comes from right outside the airplane, but before it reaches you it 
passes through a complex pressurization and air-conditioning 
system, which in turn has several backup systems to assure 
maximum safety. 

Fans in the engine of a Boeing 747 suck outside air into the 
engine’s compressor. A small percentage of this air is issued 
directly into the pneumatic system for air conditioning and 
pressurization, avoiding the combustion chamber so as not to pick 
up noxious exhaust elements. Since the air reaches a temperature 
of about 400 degrees Fahrenheit in the compressor, it is necessary 
to cool it with new, cold air from the outside. Scoops under the 
fuselage draw in outside air (“ram air”), which at an altitude of 

45.000 feet has a temperature of approximately —70 degrees 
Fahrenheit. 

The 747 can control and maintain different temperatures in four 
different zones of the jet: the flight deck, main deck nose, main 
deck center, and main deck aft. Three air cycle packs, each 
consisting of a fan, a compressor, and a turbine on a common shaft, 
work in unison to cool the air in the pneumatic system. They are 
adjusted to cool the air to the maximum required by the zones; 
this air then feeds into a common “cold plenum,” or storage tank. 
From there air goes directly to the zone calling for the coldest 
temperature. For zones requiring warmer temperatures, hot air 
may be added along the way to raise the cool air to the appropriate 
temperature. 

The air cycle packs provide 8,000 cubic feet per minute of fresh 
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air, and a distribution system adds another 2,000 cubic feet per 
minute of recirculated air. Electrically operated valves control the 
amounts of hot or cold air entering the ducts and can route the air 
through any combination of engines and any combination of packs; 
that flexibility ensures safety in the event one or even two packs 
should become inoperative. In the main cabin, air enters along the 
side walls at hat-rack level. About 20 percent of the air goes up 
into the ceiling area, where fans direct it back into the supply 
ducts. Exhaust air leaves through side wall openings just above 
floor level and is circulated down to warm the cargo compart- 
ments, which are usually at 40 to 65 degrees Fahrenheit. 

Just as heating, cooling, and recirculating are performed con- 
stantly while the plane is in flight, pressurization is maintained 
and, again, carefully monitored. The pilot has a selector on the 
flight panel by which he may control cabin pressure manually, or 
it may be controlled automatically. Air pressure drops as the plane 
ascends; in order to counteract this, the aircraft must be “pumped 
up to provide necessary comfort. Since the thin air pumped in 
from the stratosphere contains less oxygen, nitrogen, and other 
gases than we are accustomed to, more air is continuously pumped 
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in, compressed, cooled, and released through the air-conditioning 
system. A fully automatic system measures the amount of pressure 
required to avoid structural damage or passenger discomfort. At 
45,000 feet, the atmosphere inside the airplane is comparable to 
that at 8,000 feet, which is perfectly comfortable since extreme 
and prolonged physical exertion isn’t necessary. Upon descent, a 
system of valves releases the inside pressure gradually, so that 
passengers and crew are acclimated to the airport landing altitude, 
and the doors of the airtight airplane can be opened safely without 
air rushing in or out. 




How does on airplane land in fog? 

It may not settle your queasy stomach to know, but an 
interconnected network of electronic devices makes the landing of 
an aircraft in “blind” weather conditions at least as safe as driving 
home from the airport. 

The key to your return to the earth from 20,000 feet in a pea- 
soup fog is the instrument landing system, or ILS, which can bring 
a trained pilot right to the runway threshold without his so much 
as glancing outside the cockpit. 

In a blind landing, the pilot first uses radar navigation equip- 
ment to seek out a radio beacon called the outer marker, located 
from 5 to 7 miles from the runway. As he passes over the marker, a 
purple light on the instrument panel glows for a few seconds; 
meanwhile, a distinctive tone is sounded. Once oriented in this 
way, the plane descends along an imaginary “chute,” or glide 
path, whose dimensions and location are relayed by a pair of radio 
signals. One comes from a transmitter, called a localizer, set 
beyond the far end of the runway, which tells the pilot whether 
he’s to the right or left of the runway centerline. The other signal 
comes from a transmitter to the side of the runway which 
describes the glide slope path; it tilts at an angle of 2Vi to 3 degrees 
from a height of 475 feet at the outer marker to the runway 
threshold itself, like a giant imaginary ramp. 
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As the plane descends through the fog, the pilot trains his eyes 
on his approach instruments — usually a cross-pointer pattern with 
a vertical and a horizontal needle. If both needles are centered, 
the plane is in the “chute”; if either strays, the pilot corrects up, 
down, or sideways to put the aircraft perfectly back on track. 

About a minute and a half past the outer marker, a second light 
blinks amber for a few seconds and a beeper is again heard. This 
tells the pilot he is passing over the middle marker about half a 
mile from touchdown. By now he should be about 200 feet above 
the runway, and the runway lights ought to be visible directly 
ahead. If not, he hits the throttle to go around again — or to 
another airport. 

In the unlikely event that the ILS should fail, there is a backup 
method for getting down. Tower controllers, using precision 
radar, can “talk” a blind-flying pilot right down the chute. 

Aviation planners a decade ago thought pilots would be rou- 
tinely landing in zero-visibility fog by now. That dream is still in a 
holding pattern for several reasons. Chief among them is the 
problem of taxiing blind, because — rolling along the runway at 150 
miles per hour in dense ground fog — a pilot can’t make his way 
safely with only runway lights as a guide. 
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How do they mop up oil spills? 

In 1973 the National Academy of Sciences Ocean Affairs Board 
reported that each year 5 to 10 million metric tons of crude oil and 
its byproducts (fuel oil, kerosene, gasoline, and lubricants) go into 
the sea. Sources range from expended ocean transport fuel to the 
much publicized and controversial oil spills. 

Although big spills near populated beach areas receive wide- 
spread headlines and arouse considerable public outrage, smaller, 
confined spills in marshlands and harbors are far more grave and 
dangerous. In such places the oil cannot disperse, and continued 
release of oil can cause whole classes of plant or animal life to 
sicken and die, resulting in permanent changes in the ecosystem. 
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If the oil is light — gasoline or kerosene, for example — some 
evaporates, whereas heavier oils tend to break down into small, 
hard tar balls. In either case, some soluble elements always 
dissolve in the water, creating an invisible threat to the life in that 
area. Bacteria in the water may eat some of the oil, but nature 
cannot rid itself entirely of the huge amounts of oil going into the 
sea, and we are dependent on technology to help with the job. 

One of the best and most widely used methods for containing oil 
so that it may be mopped up is the use of oil spill booms. A boom 
acts as a mechanical barrier to obstruct surface water and oil, while 
allowing subsurface water to pass. An upper barrier of poly- 
urethane, polyethylene, foam, or compressed air covered with 
plastic reaches above the water and is supported by a float. Below 
this tubular float hangs a “skirt” made of plastic, rubber, canvas, or 
plywood, which blocks the oil. The boom is stabilized by a lead 
ballast. Two boats may “boom off” an area by towing a spill boom 
between them at a rate of 1.5 miles per hour, or a boat tows one 
end while the other end is anchored. The slow speed is necessary 
to prevent water from slipping under the boom; furthermore, the 
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method is often impractical in open ocean, for waves more than 2 
or 3 feet high can cause oil to rush over the top of the boom. 

To actually remove oil from the water, a variety of skimmers 
may be employed. A floating suction head, which is simply an 
enlargement of the end of a suction hose, can be immersed in 
thick oil slicks. Powered by a hydraulic pump, the hose draws in 
oil and water, and the two are then separated by gravity or other 
means. A floating weir — usually in the form of an inverted cup, 18 
to 24 inches in diameter, supported by floats — has a straight edge 
that separates oil from the surface of the water and, in most cases, 
another weir inside it to further separate the two. Weirs, 
obviously, are impractical in strong winds and choppy water. 

A drum or disk is another type of skimmer, which operates by 
rotating in and out of the oil slick. As the drum comes out of the 
water, coated with oil, it is wiped clean, then reimmersed to pick 
up more oil. The most efficient types consist of two counterrotat- 
ing drums: one placed near the surface of the water moves rapidly 
with the water flow, while the other, immersed at a deeper level, 
moves slowly in the opposite direction. The former is coated with 
polyethylene, which works well with heavy oils; the latter has a 
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water-wetted steel surface, which is more effective on lighter oils. 
Oleophilic belts — long belts covered with a material such as 
polyurethane foam which absorbs oil and repels water — may be 
set loose in a slick and harvested later by hand, or dragged behind 
a boat, or mounted on an inclined plane between two rollers. The 
oleophilic fibers soak up oil, which is then squeezed out and the 
belt reused. Like other skimmers, the belts do not work well in 
rough water, which can wash oil off before the belts are removed. 

A very good method for cleaning up small, well-contained spills 
and vestiges of large spills involves the use of sorbents, which float 
in the water and soak up oil by capillary action or cause the oil to 
adhere to a large surface area. Inorganic sorbents include ver- 
miculite, perlite, expanded perlite, and volcanic ash, which 
absorb four to eight times their own weight in oil and can then be 
recovered with dip nets or pool skimmers. If the wind is not too 
strong, organic sorbents such as peat moss, straw, milled corn- 
cobs, wood cellulose fiber, and milled cottonseed hulls can be 
spread on the water. In contact with oil these materials become 
heavy, fibrous mats which must be collected by hand or with 
sewer-vacuuming equipment. Synthetic organic sorbents are also 
used. Although costly, these materials, which include poly- 
urethane foam, urea formaldehyde foam, polyethylene, and poly- 
propylene, can be reused several times. Since they are persistent 
in the environment, they must eventually be recovered. 

Chemicals, under very strict control of the Environmental 
Protection Agency (EPA) and similar agencies, are also useful in 
cleaning up spills. If placed with a spraying device around the 
perimeter of a spill, chemicals containing a complex alcohol that 
repel oil can actually move it and concentrate it into a smaller 
slick. Other chemicals, such as detergents, disperse oil by 
breaking it down into small globules that spread out through the 
water. Dispersants must be thoroughly mixed with the water in 
order to be effective. If there is sufficient wave action, the 
chemical may be sprayed from a plane; otherwise, it is discharged 
by a device dragged behind a boat. Sinking agents spread by 
dusting from a plane that cause oil to sink to the bottom to be 
degraded by biological action are illegal, according to EPA and 
U.S. Coast Guard regulation, subsequent to the Federal Water 
Pollution Control Act of 1972. The sinking agents themselves — 
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sand, for example — may be innocuous, but heavy oil on the ocean 
bottom may be harmful to fish and plant life, or the oil may escape 
and resurface, thus re-creating the initial problem. Sometimes oil 
is burned, and certain chemicals are used to provide wicks or 
sorbents that insulate oil from water and allow it to burn — though 
not always successfully. 

All these methods are helpful, but none is completely effective, 
and each has its drawbacks. Oil spill research continues, and one 
of the most exciting breakthroughs derives from nature itself: the 
use of petrophilic bacteria — bacteria that eat hydrocarbons. Since 
several different species of bacteria are required to consume oil 
efficiently, Dr. Ananda M. Chakabarty of the General Electric 
Research and Development Center used genetic engineering to 
come up with a single strain having the eating capabilities of four 
different bacteria. This super strain — the patent for which was 
recently upheld in a landmark Supreme Court case — consumes oil 
far more rapidly than any other natural organism. Experiments at 
the University of Texas have resulted in another remarkable 
development: several different strains of natural bacteria may be 
dried and stored indefinitely as a powder, ready to be spread on a 
spill at a moment’s notice. Researchers have conducted a test in 
which the powder was spread on a 10-gallon spill contained by 
booms; within six hours, not a trace of oil remained. 




How do they measure the ratings that reveal on Tuesday 
morning what Americans watched on TV Sunday evening? 


The A. C. Nielsen Company’s Nielsen Television Index (NTI) is 
one of the most important and powerful rating services in the 
country, as the entire commercial television industry relies upon 
the ratings to determine both its programming and its advertising 
rates. Nielsen, founded in 1923, originally performed surveys for 
manufacturers of industrial machinery and equipment. But by 
1950 the company had expanded into communications and de- 
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veloped the NTI system for network television. By 1954 the 
company was providing the Nielsen Station Index for local 
stations. 

Today the Nielsen TV service includes over 1,200 households in 
more than 600 counties across the United States. NTI statisticians, 
using U.S. Census figures on the number and location of 
households nationwide, select representative households on the 
basis of location alone. The specific demographics within each 
household become known only after the selection process, when 
each member is asked to fill out a form including such information 
as age, sex, race, income, and occupation. Nevertheless, Nielsen 
claims that its sample reflects, within 2 percent, the national 
figures on population diversity as collected by the U.S. Census. In 
November 1979, for example, the Census reported that, of the 
entire population, 23 percent were men between the ages of 
eighteen and forty-nine; 24 percent were women in the same age 
bracket. NTI’s sample included precisely those percentages. Each 
year 20 percent of the representative households are replaced by 
another group; one household could thus contribute information 
for five years. 

The base of the Nielsen Television Index network is the Storage 
Instantaneous Audimeter (SIA). The SIA, which can be placed out 
of sight in a cabinet or in the basement away from the television 
set, measures all TV set usage within a household. According to 
Nielsen, the SIA “stores in its electronic memory exactly when 
each TV set in the household is turned on, how long it stays on the 
channel tuned, and all channel switchings.” 

The members of the NTI household are required to do nothing 
for Nielsen except watch TV. Each SIA unit is connected to a 
special phone line used only by NTI. At least twice a day, a 
Nielsen computer “dials” each home unit and retrieves the stored 
information. These data are then immediately processed in Niel- 
sen’s central TV research computers and, because the phone 
hookup is foolproof and immediate, ratings for, let’s say, “60 
Minutes” on Sunday evening are returned to the computer 
promptly, processed, and printed out. By Tuesday at 11:00 a.m. 
the ratings are released to terminal outlets in Nielsen’s clients’ 
offices and made available to the press. 
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How do they moke rain? 


For centuries dance, magic, invocation of the gods, the lighting 
of fires, and the ringing of church bells have all been used in one 
place or another by various cultures in attempts to produce rain. 
But it wasn’t until 1946 that two pioneering scientists working for 
General Electric evolved ways to make rain based on knowledge of 
the physical processes of rain formation. Vincent Schaefer experi- 
mented with dry ice (solid carbon dioxide) chilled to — 70 degrees 
Centigrade. He found that if he dropped a fragment of dry ice into 
a chamber filled with very cold cloud matter, several million ice 
crystals formed; the ice crystals would capture excess moisture and 
thereby sufficient weight to fall to the ground. Bernard Vonnegut 
came up with the idea of using silver iodide, which, like dry ice, 
acts to convert cool water into particles of ice. Guided by ground 
radar, planes could fly above very cold clouds ( - 5 to - 15 degrees 
Centigrade) and spray a smoke of tiny silver iodide crystals 
produced from burning or fireworks. Basically, the silver iodide 
releases energy and moisture latent in droplets of water — it 
doesn’t actually create the water that becomes rain. 

Objective testing of these symptoms is difficult, and many 
scientists insist that we still don’t know enough about clouds to 
prove that seeding is a valid means of producing rain. Neverthe- 
less, the methods exploit the processes involved when rain occurs 
naturally. The air contains particles of water in liquid and gaseous 
states. The production of a visible cloud results from condensation 
of vapor to a liquid or solid state, wherein the vapor molecules 
actually penetrate the liquid molecules. Additional nuclei in the 
atmosphere attract the moisture and aid condensation. In fact, 
without those particles, droplets of water would never grow large 
and heavy enough to fall to the earth — or, if they did fall, air 
resistance would prevent the tiny drops from arriving. The 
atmosphere would become supersaturated and the earth stricken 
with drought. 

In nature, these additional nuclei come from a variety of 
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sources. Seawater evaporates and leaves salt particles in the air; 
other nuclei come from the products of combustion, active 
volcanoes, dust raised by wind, and cosmic dust from meteorites. 
Although so tiny as to be invisible to the naked eye, these particles 
fill the air and capture excess vapor, which condenses, provides 
additional weight, and eventually falls. These special nuclei are 
also necessary for freezing. For although the temperature in the 
atmosphere above 15,000 feet is usually at or below freezing, the 
freely moving liquid droplets cannot gather and freeze to become 
ice crystals unless a larger particle attracts them. Without such a 
particle, freezing cannot occur until the temperature falls to about 
— 40 degrees Centigrade. 


:> 


How do they take photographs of the insides of the human 
body? 

Using strands made of 100,000 hairlike glass fibers drawn into a 
bundle, medical scientists can see around corners and even take 
pictures in the darkest reaches of the human body. The technology 
is called fiber-optic endoscopy, and with it doctors can photograph 
the inner surfaces of the esophagus, stomach, intestines, lungs, 
arteries, and sometimes the heart, kidneys, and pancreas. 

An individual optical fiber is about one-tenth the diameter of a 
human hair and has a peculiar ability to carry light from one place 
to another without losing much of it on the way. The fiber has two 
parts: an inner core and an outer cladding. The core and cladding 
are made of two different grades of clear glass. The core glass has a 
higher refractive index, which is to say it is denser and bends light 
rays more, than the glass of the cladding — in the same way that 
water has a higher refractive index than air, which is why a spoon 
stuck into a glass of water looks bent. The effect of the fiber core’s 
greater density is to keep light inside the fiber: light projected into 
the core strikes the cladding around it, but instead of leaking 
away, its rays are bent at such an angle that they bounce back to 
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the fiber’s core. Thus light can be sent along a clear, flexible fiber 
without losing strength, no matter how many twists and turns it 
takes. 

To get an image of an internal organ, a doctor sends an 
endoscope into the body, either through one of its natural 
openings or through one made especially for the purpose. An 
endoscope is a flexible tube containing two separate bundles of 
fibers, each serving a different purpose. One carries light into the 
opening, to illuminate the area being examined; the other picks up 
light reflected off the tissues and carries it back to the physician’s 
eye or to the camera. The second bundle has a wide-angle lens — 
less than Vs inch in diameter, with a field of view of 60 to 100 
degrees — attached to the remote end and an eyepiece, pho- 
tographic lens, or viewing screen on the doctor’s end. Each fiber 
in the receiving bundle acts like a single tile in a mosaic, to form 
Vl 00.000 of the image. Also inside the tube are pathways alongside 
the glass strands through which a doctor can insert instruments or 
fluids. 

Using fiber-optic “image bundles,” surgeons can watch and 
photograph many of the body’s internal processes in their natural 
colors, to check for problems and locate tissues more accurately for 
surgical repairs. The film is slightly more sensitive than ordinary 
color film; this allows for fast shutter speeds, so that moving organs 
don’t blur the image. 

Optical fiber is made by fitting a foot-long glass rod about Vz 
inch in diameter inside a glass tube of a lower refractive index and 
heating the two until they bond. Then, in a “drawing tower,” the 
softened glass cylinder is stretched like taffy into a wispy fiber 
nearly 1 million feet long; the machines that do the stretching can 
turn out 1,000 miles of fiber in an hour. A hundred thousand or 
more fibers are bundled together to make a strand Vs inch in 
diameter, capable of carrying an image. 

Fiber-optic technology is actually used more for examining 
patients than for photographing them. Its special advantage as a 
diagnostic tool is that the body is not disturbed as much as it is by 
other methods of information gathering. In exploratory surgery, 
the body is traumatized by being cut open, and the patient is 
exposed to the danger of infection; X-ray photography fires 
potentially harmful ionizing radiation at the body, which carries 
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long-term cancer risks. Optical fibers make many examinations 
less painful, and less risky. 

:> 

How does q jewel thief know whether a string of pearls is 
worth stealing? 

There may be more ways than one, but the great Arthur Barry, 
a big-time thief in the twenties who averaged half a million dollars 
in thefts per year, had a unique and quick technique. In the Plaza 
Hotel robbery of 1925, Barry made off with $750,000 in jewels 
belonging to Mrs. James P. Donahue, daughter of F. W. 
Woolworth. Not only was the theft executed in broad daylight, but 
Barry stealthily removed the jewels from a dressing table while 
Mrs. Donahue sat in the bathtub a few feet away. Among the 
objects stolen was a rope of pearls valued at $450,000. But the 
drawer containing the pearls had not one rope but five — four were 
imitations that the police captain later called “good enough to fool 
an oyster.” Was Barry’s choice pure luck? Not at all — he rubbed 
the pearls gently across his teeth. Fakes are smooth and slippery, 
he later said, but real pearls give a slightly rough, grating 
sensation. 


How do they moke pictures big enough to put on billboords? 

Billboard painters do it, with brushes and oil paint. 

“We’re probably the fresco painters of the modern era. In the 
Renaissance, the Church had the money; now it’s the ad agencies. 
Our stuff isn’t as creative as other art, but it’s real craftsmanship 
that goes into these signs,” says billboard painter George Martin. 
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To make the truly huge billboard ads of the kind you see on the 
ultramodern highways and beltways of our major cities — the ones 
that show a sparkling gin-and-tonic with a lime peel floating in it 
and beads of condensation glistening on the glass — requires the 
services of a team of hardy painters willing to climb 50-foot 
scaffolds in 100-degree heat or subzero cold and splash on 
photographic-looking images in oil paint. Photography and 
lithography are too expensive or inadequate to produce the 
colorful brilliance of these signs (called spectaculars) on such a 
Gargantuan scale — 35 by 100 feet. 

The first step in making a “spectacular” takes place at an 
advertising agency: the art department photographs the product 
and lays out the ad, including any headline, just as it wants the 
billboard to appear, on a normal-size piece of paper. The ad is 
then given to a graphics company that specializes in “outdoor 
advertising.” Along with the scale drawing, the agency specifies 
the shades of color it wants. “Bulletin painters,” as the billboard 
artists call themselves, have a repertoire of six reds, four yellows, 
three greens, and two blues, plus one each of orange, brown, and 
black. They use real oil paint instead of acrylics, because acrylics 
are dull and dry too quickly. They tend not to mix colors on a 
billboard, since the colors would lose the intensity essential for 
maximum effect. 

With the sketch in hand, the painters can proceed in one of two 
ways. The more mechanized approach is to put the ad into an 
opaque projector and beam it onto huge sheets of paper on the 
wall of a large room. A painter walks up to the image and pokes 
little holes in the paper along all the important lines. Then a team 
of painters takes the hole tracing of the ad, which is divided into 
several sections, and mounts each section on an area of board. The 
tracing is then pounded with a bag of charcoal; the charcoal leaks 
through the bag and through the holes in the paper to leave 
guidelines on the board. This is called a pounce pattern. Checking 
against the photograph for color and details, the painters fill in the 
finished ad in sections, and the sections are put together at the 
roadside. 

There is another common method which is very close to what 
the old fresco painters used — which George Martin refers to as 
simply a pattern. The painter works from a desk-size image of the 
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ad, but instead of projecting it, he draws a '/t-inch-square grid over 
it. With nothing but the sketch, a brush, and a yardstick in hand, 
and his buckets of paint by his side, the artist can now climb the 
scaffold and lay out a perfectly proportioned oil painting 60 feet 
long or more. Each Vi-inch square on the sketch corresponds to a 
1-foot square on the finished sign. Using his yardstick, Martin 
marks reference points in charcoal and paints his oeuvre in 
manageable 1-foot squares. So practiced is Martin that he paints 
the curves of his 3-foot letters freehand. 

“Everybody thinks Michelangelo just lay on his back and 
painted the Sistine Chapel. He didn’t; he worked from a pattern, 
same as we do.” 

What are the subjects of the modern bulletin painter’s artistry? 
“There’s no imagination in ’em,” George Martin laments. “Now 
it’s just cigarettes and booze. Mind-rot stuff. You used to get a face 
now and then, a bathing beauty, something with a challenge to it. 
But since the cigarette companies got kicked off TV, they’ve been 
pouring all their money into billboards and drove the price of an 
ad up. Now they’re the only ones who can afford it. Too bad, 
really, but what can you do?” 


190 


:> 


How do they restore o valuable pointing? 

Many of us are unaware that modern paintings as well as those 
of the Old Masters must be cared for periodically. If you have an 
oil painting in your home that has been subjected to smoke or 
intense light from a southern exposure for 10 or 20 years, the 
colors may have darkened gradually, the varnish yellowed or 
deteriorated, the canvas itself became flaccid. Extreme tempera- 
ture changes also may be harmful, causing the painting to expand 
and contract and the varnish to crack. Over the years oil paints 
oxidize and grow increasingly hard and rocklike. A lump of paint 
might actually lose cohesiveness and come loose from the paint- 
ing. 

Within the past 150 years the conservation and restoration of 
paintings has become a serious concern of specially trained 
professionals, rather than a task occasionally carried out by the 
original artist, or a later artist who felt he could improve upon the 
original. Frans Hals and Jan Gossaert are among the artists who 
felt free to restore the paintings of others, which often meant 
changing certain details of the picture. This procedure was not 
frowned upon or considered an intrusion in the seventeenth and 
eighteenth centuries. Today, of course, we would all be horrified if 
a masterpiece were altered by restoration or conservation, and 
conservators always take extensive photographs of the art in 
question before beginning to work, just to protect themselves 
from such accusations. 

Restoration nowadays is as much a science as an art, using such 
scientific aids as photomicrography, infrared rays, X rays, and 
spectrophotometry, as well as the restorer’s intimate knowledge of 
pigments, canvas, and varnish. (Professional conservators are in 
fact divided about how scientific they ought to be: European 
restorers accuse the Americans of being scrupulously scientific to 
the point of being cold and unfeeling. Our method of laying a 
painting down flat and going to work with chemicals and scalpels 
goes against their tradition of inspired art.) 

Dana Cranmer, a skilled conservator at the Guggenheim 
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Museum in New York City, explains the difference between 
conservation and restoration: “Restorers concentrate on ap- 
pearance and cosmetics, whereas conservators are concerned 
primarily with the health and longevity of a painting. ” Periodically 
she actually washes the museum’s paintings by a slow and 
painstaking method. Using small swabs of cotton wound around a 
little wooden stick (the instrument resembles a Q-Tip, although 
the cotton can — and must — be changed frequently) and working 
systematically in a grid pattern across the painting, she wipes away 
the old layer of varnish from the painting with the aid of various 
solvents such as petroleum benzine, toluene, and acetone. If the 
work doesn’t have a protective varnish, she cleans the pigments 
themselves, using cotton swabs dipped in distilled water. After the 
cleaning process, a new layer of varnish is applied (to those 
paintings that had varnish previously). The Guggenheim uses 
synthetic varnishes which can be sprayed on with a spray gun, 
rather than the older natural resins such as dammar or mastic, 
which are painted on with flat brushes. Applying the latter is a 
tricky procedure, for irregular brushstrokes can cause a change in 
the reflectance of light — which alters the appearance of the 
painting — whereas too much varnish levels out all nuances of light 
and shadow. 

Another standard task of the conservator is to reinforce the 
canvas, which inevitably sags with time. This is accomplished by 
placing a new liner on the back of the canvas. Relining is also a 
useful technique for preventing deterioration and blistering in old 
paintings. The risk involved may be considerable, however, as was 
the case with Anthony Vandyke’s Rinaldo and Armida, which was 
restored in the late 1950’s. There was an area in the front where a 
paint layer had separated in small cleavages from the old support- 
ing fabric. Conservators feared that when they scraped away the 
old adhesive from the back, using small knives, the paint would 
crumble and come loose. Rut, after much debate, they faced the 
painting with thin mulberry paper and a layer of cotton gauze and 
proceeded with the task of relining. 

Some conservators use the traditional method of affixing a new 
liner with an electric iron, but the Guggenheim has a special “heat 
table” — a table covered with an aluminum sheet that can be 
heated — for precisely this purpose. The painting is placed face up 

192 


on the table, and the new liner, coated with an adhesive, is put in 
place beneath it. A protective sheet is spread over the face of the 
painting. Finally, a plastic sheet is laid on top and a vacuum 
created between it and the painting by means of a vacuum pump. 
The painting lies under even pressure for approximately an hour, 
usually at a temperature of 160 degrees Fahrenheit. (Tests are 
performed beforehand on tiny sections of the painting to deter- 
mine its heat tolerance.) The heat activates the adhesive, which 
then holds solidly to the canvas as the painting cools for three 
hours. Next it is stretched on a stretcher, a wooden frame with 
movable joints. This type of frame is very efficient for adjusting the 
tautness of the canvas, but partly because of high cost, most artists 
simply use strainers — frames without adjustable joints — to frame 
their work. 

A painting with chipped or cracked paint requires specialized 
care. Retouching is an extremely taxing procedure that draws on 
the artistic capabilities of the restorer. How could anyone dare 
take a brush to a Vermeer? One consolation is that all restora- 
tion — and particularly repainting — is reversible. 

If a chip of paint is missing, the conservator or restorer uses a 
method called inpainting. First the spot to be repaired is coated 
with varnish. Then it is filled to the perimeters of loss with gesso 
or putty — usually the same material as the ground of the painting 
(the preparatory layer originally used to prime the canvas). Using 
very fine pins or scalpels, the restorer sculpts the gesso to match 
the contours of the surrounding paint. When this is dry, the area 
is again coated with varnish and at last painted with watercolors 
(some restorers use egg tempera followed by a glaze of transparent 
oil paint). As one can imagine, mixing the watercolors to match not 
only the precise color but also the tone of the oils is an 
extraordinary feat. Although a restorer might come upon it in an 
hour, the same task could take a week. All inpainting — being of a 
different material and age than the surrounding paint film — 
inevitably discolors and must be renewed periodically, usually 
every century. 

How does the restorer know what color to use if the painting is 
very old and has faded or darkened over the centuries? Removal of 
the varnish is the secret, for it is the varnish that changes, not the 
pigments. (A look at the exquisite, often brighter pigments that 
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appear when varnish is removed has led many conservators to 
believe that the Old Masters did not, in fact, intend their 
paintings to have that old, sepialike appearance, which became so 
valued by later generations.) 

Occasionally great paintings have been damaged to a degree 
that seems irreparable. In 1914 Velasquez’s The Toilet of Venus 
was slashed by a brazen suffragette, outraged at Venus’s provoca- 
tive pose. Rembrandt’s Night Watch was first cut by a maniac in 
1911; in 1975 a mental patient rushed into the Rijksmuseum in 
Amsterdam and slashed the painting with a knife. There were a 
dozen cuts and scratches — some more than a yard long — and a 
triangular piece of canvas actually fell out completely. 

The museum’s chief restorer, Luitsen Kuiper, organized and 
carried out the massive task of repairing the painting, which took 
six months and cost $37,300. Immediate measures were taken to 
prevent the edges of the canvas from stretching or sagging: the 
missing piece was repositioned and held with transparent tape on 
the back, and the front was strengthened with Japanese rice paper 
and glue. Next the lining, which had been put on in 1947, was 
removed with small knives. Kuiper then had to bridge the cuts 
with many small linen fibers. One by one the threads of the canvas 
were pasted to the short linen fibers with glue and synthetic resin. 
Extra fibers were shaved away. Kuiper then applied a beeswax and 
resin mixture and ironed on the lining with flatirons. Next the rice 
paper and glue residue (which looked alarming) had to be removed 
from the front with alcohol. 

In order to retouch, Kuiper had to remove a layer of varnish 
that had been applied in 1947. He didn’t stop there, however, but 
went on to remove a much older layer of varnish — while many 
around him fretted that the paint would come off, too. As he 
worked, he discovered some areas of overpainting, apparently 
executed by another artist in the eighteenth century! (Rembrandt 
had completed the painting in 1642.) Throughout, extensive 
examination of the painting’s structure and areas of damage were 
made with X rays, infrared photographs, and a stereomicroscope (a 
microscope with a set of optics for each eye, which allows an object 
to be viewed in three dimensions). 

Kuiper treated the entire painting with oil of turpentine to 
create “an even glimmer,” and finally he began the arduous job of 
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retouching. Tinted chalk and glue were used to build up the 
ground where the paint was slashed. Then Kuiper mixed his 
paints, using more colors than had Rembrandt, who required only 
six to ten. Kuiper used oil paints on top of a wet varnish. When 
the paints had dried thoroughly, he applied a final coat of varnish 
and allowed it to harden behind a glass, which protected the 
painting from climatic changes, for a full eight months. The results 
of the restoration are outstanding; art historians, restorers, and the 
general public who inspect the painting come away duly im- 
pressed. 

Every now and then restoring a painting entails taking away 
paint rather than adding it. In the mid-sixteenth century Agnolo 
Bronzino painted An Allegory: Venus in all her natural splendor 
lies in the woods surrounded by naked Cupids with their 
curvaceous bottoms in full view. Some 50 to 200 years later a more 
modest generation decided to veil the nudity, cover Venus’s 
nipple, and place bushes in “appropriate” places. The overpaint- 
ing was detected much later, and some fortunate restorer had the 
happy task of stripping away Venus’s veils. 




How do they keep the ice in o skating rink from melting? 

Skating rinks maintain their frozen surfaces even in warm air 
because the temperature beneath the ice is so cold that the ice is 
not affected significantly by moderate temperatures above it. Thus 
a burst of sunshine over an outdoor rink, which allows skaters to 
shed their sweaters, cannot succeed in melting the ice. 

In a figure-skating rink the ice is generally about 2 inches thick; 
permanent ice hockey rinks use slightly thicker ice. It lies on a 
concrete floor through which runs a maze of %- to 1-inch-diameter 
pipes. The pipes are placed crosswise rather than lengthwise and 
lie no more than 2 inches apart; an Olympic-size rink of 185 feet by 
85 feet has 7 to 11 miles of pipes embedded in its concrete floor. A 
very cold brine solution, or a glycol solution similar to the 
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antifreeze used in cars, is continuously pumped through the pipes. 
The solution draws off heat from the floor, as chillers run by 
compressors cool the soltuion to - 5 to - 15 degrees Fahrenheit 
each time it circulates. The warmer the air above the ice, the more 
solution is pumped through the pipes. 




How do they put the lines under on ice hockey rink? 


The ice in a hockey rink ranges in thickness from 3 inches to a 
mere % inch in places such as Madison Square Garden, where ice 
must be made and taken up in a matter of hours. (This thin ice is a 
trial to professional players who make abrupt turns or screeching 
stops and sometimes scrape the floor below with their blades.) 
Depending on the time factor and the thickness of the ice, a 
variety of methods may be used to get those mysterious blue and 
red lines, circles, and insignias under the ice — and to erase them 
again when necessary. 

If all the ice is removed from the rink, a water-base paint may 
be applied to the concrete floor that lies below. The entire floor is 
painted white with 6-foot-wide squeegees pushed by hand; then 
the lines and circles are painted on with the help of wood stencils. 
A second method, which is a bit trickier but more common, 
involves building up a thin layer of ice about Vi inch thick. After 
the entire surface of the ice is painted, a machine called a 
Thompson edger is used to cut shallow grooves Vs inch deep into 
the ice, thereby marking the placement of the lines. Red or blue 
paint is applied by hand with brushes or simply poured into the 
grooves, which prevent it from running. As soon as the paint 
dries, a layer of clear water is spread over the ice to provide a 
coating. When in a few hours this coating has frozen, more ice may 
be built up to the usual level of 2 or 3 inches. 

This process, which may take two days, is obviously impractical 
in a stadium where a horse show is scheduled for Friday night, a 
National Hockey League game on Saturday. A method used with 
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increasing frequency these days substitutes plastic or paper for 
paint. The material is simply spread right onto the floor, and ice is 
then made over it. After the game both the ice and the lines may 
be taken up to make way for the next event. 




How do they moke toll buildings perfectly vertical? 


Next time you’re near a particularly tall high-rise building, 
stand at the base and look up, sighting along a corner. It will 
undoubtedly surprise you to see that the building really isn’t 
perfectly vertical; it may even jag in and out in some places. It 
would be entirely too time-consuming and costly for engineers and 
construction crews to make each building absolutely plumb (or 
straight); and besides, it isn’t necessary. The strong materials of 
which the buildings are constructed have a certain amount of 
flexibility and give. On a very windy day, for example, a 
skyscraper might sway as much as several inches without cracking 
or causing damage. Some imprecision may also arise from human 
error in the construction process — without grave consequences. 
Nevertheless, various precautions are taken to keep a building 
plumb as it is going up. 

The simplest building has four supporting members, or col- 
umns, one at each corner. The columns are set on base plates that 
are secured by grout (high-strength concrete) lying underneath. 
The first step in making a building vertical is to check the 
elevation of the base plates to make sure all four are equal. The 
construction crew erects columns with a “splice elevation ’ of two 
tiers, which means the members extend just above the level of the 
second floor. While the columns are supported with heavy steel 
cables called guy wires, the builders lay the horizontal members, 
or beams, on which the first and second floors will be built. It is 
only at this point that they check to see whether the building is 
going up straight. Two workers stand on the second beam, one 
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with a measuring rod, the other with a level (or a transit, which 
contains a level). The rod, which is graduated in hundredths of a 
foot, has a movable metal target that can be clamped wherever 
desired. The transitman, holding the level, “shoots” with his 
telescopic sight at the rodman, who holds the rod successively at 
each corner of the building. The team can then determine 
whether the splice level is equal all around. 

The next step is so obvious and basic, one wouldn’t suspect it 
in this era of advanced technology. The crew dangles a “plumb 
bob,” a weight on a string, from the second tier to the ground. 
Since the pull of gravity naturally draws the string into a straight 
line, the crew simply measures the distance between the building 
and the string at the top and base of each column. An alternate 
method requires the use of a transit. The key instrument in any 
surveying operation, a transit can be used to measure horizontal 
angles to any required accuracy, vertical angles to about plus or 
minus 10 seconds of arc, differences in elevation, and distances. 
The transitman stands on the ground a certain distance from the 
building and shoots at a point, say, 3 inches outside the column 
near the bottom and then 3 inches outside the column at the 
second tier. If those points are aligned, the building is plumb. If 
not, the heavy guy wires supporting the columns must be 
adjusted. Since bolts connecting the members have not yet been 
fully tightened, the whole structure can be shifted the necessary 
amount to make it plumb. The construction crew must, of course, 
repeat the procedures at each splice level — usually every two 
floors. 

Whereas gravity is an aid in making a building vertical, the 
curvature of the earth can produce some startling results with an 
apparently plumb building. This factor is a consideration only in 
the case of exceptionally tall or wide buildings, but engineers have 
been known to overlook it, thinking that the measurements for a 
small building can be transferred precisely to a large one. Picture 
imaginary lines extending toward the center of the earth from the 
columns of a terribly high building, or one that covers a large area, 
if the columns are perpendicular to a tangent of the earth at the 
point of contact. In either case, lines pointing down into the earth 
would eventually meet and form an angle, which means that 
although the columns may be inherently straight, they are not 
exactly parallel to each other. 
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How do they tune o piano? 


When a piano tuner arrives at your house, all he needs is a 
tuning fork, a crank, a damping wedge, and a finely trained ear. 
He sounds the fork simply by tapping it and causing it to vibrate. 
The sound produced is the A above middle C, the first note to be 
tuned in the central octave of the piano. The standard pitch of this 
A, throughout the Americas, Europe, and the Soviet Union, is 
A-440. The number represents the frequency of the pitch, or how 
many times (cycles) per second the string vibrates back and forth 
when struck. 

Since the pitch of a single key on the piano is actually generated 
by three strings (except in the bass, where each note has only one 
string), the tuner uses a felt wedge to dampen (deaden) two strings 
of A while he plays the note and listens to hear whether or not 
it’s in tune with the fork. If the two pitches are close but not 
precisely the same, he’ll hear a series of pulsations, or beats, 
arising from the discrepancy in frequencies. The farther apart the 
pitches of the two notes, the more rapid the beats. As the notes 
are brought in tune, the beats slow and eventually stop. The pitch 
of a string is determined by its length, so the tuner adjusts this 
length by turning with his crank the wrest pin that secures the 
string. When the left-hand string of A has been tuned precisely to 
440, the tuner no longer needs the fork. He moves the wedge and 
tunes the other two strings of A to the corrected first. 

The remaining notes of the central scale are then tuned by 
interval (the distance between two notes: A to B is a second, A to 
C is a third, and so on). The most usual sequence starts with the 
fifth below A (D), then proceeds with the fourth above D (G), 
other fifths and fourths within the octave, and then the thirds, 
until all twelve notes of the octave are brought into their proper 
relationships with one another. One string at a time, the tuner 
eventually tunes every string on the piano — a total of 235. (This 
number varies because some pianos have more bass strings than 
others.) 
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You might assume that your piano is being tuned perfectly, but 
if it were, it would grate on your ear and in places seem drastically 
out of tune. On a well-tuned piano, each note is actually slightly 
out of tune with the others, yet the modern ear (since the time of 
Bach) has become totally accustomed to the “errors,” so that this 
tuning sounds correct. As irrational as it may seem, when the 
notes of a scale are tuned to be acoustically correct according to 
the pure system worked out by Pythagoras, certain keys and small 
ranges of tone are perfect, but others, especially chromatic tones, 
sound terribly wrong. The solution, based on systems devised 
more than 250 years ago, is to divide the octave into twelve equal 
semitones and to spread the discrepancy evenly over the semi- 
tones. Ultimately, no interval except the octave is acoustically 
correct. This system underlies Bach’s famous Well-Tempered 
Clavier, the forty-eight preludes and fugues — one for each major 
and minor key — which can be played equally well in every key. 

When a piano is tuned in modern fashion — to “equal tempera- 
ment” — each fifth must be flattened (lowered in pitch) by one- 
fiftieth of a semitone, or two “cents. ” The tuner knows the proper 
discrepancy exists when he hears one beat per second when 
tuning the fifths. With other intervals the discrepancy is greater. 
The tuner knows to listen for faster beats with progressively 
smaller intervals. An equal-tempered third is sharpened (raised in 
pitch) by one-seventh of a semitone, or fourteen cents, and eight 
beats per second should be heard when a third — G to B, for 
example — is played. Ultimately, with the equal temperament 
system, no interval is precisely in tune, but each interval of a 
certain kind is out of tune by the same amount. 

Although you hear only one pitch when you press a key on your 
piano, each note is actually made up of composite tones, or 
harmonics. This is because as the whole string vibrates, sections of 
half, one-third, one-quarter (and so on) the length of the string 
vibrate simultaneously. Each note thus has a series of harmonics: 
the first is the octave above the note, the second is the fifth above 
that, then the fourth above the fifth, and so on. You can test this 
system of harmonics by trying an experiment on your piano: 
depress middle C silently, then play the C below and, magically, 
you’ll hear the higher note as well. The middle-C string, half the 
length of the lower C string, is set in sympathetic vibration. Other 
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notes in this harmonic series can be produced by depressing G 
above middle C (fifth), C above that (fourth), then E (third). 

Harmonics are significant in the tuning of a piano because they 
form the basis of relationships between notes. Certain notes of a 
scale have certain harmonics in common, for example, and the 
pitches of the scale actually derive from the pitches of the 
harmonic series. As described above, the notes within the central 
octave are adjusted slightly to best represent pitches to the human 
ear, so they are only approximations of the “pure” pitches of a C 
harmonic. But these notes are in fact harmonics of lower notes on 
the piano. When this central scale, the one heard best by the 
human ear, has been tuned, each note of the two octaves above 
and below it are tuned one by one to its pitches. The farthest 
octaves are, in turn, tuned to them. 


How do they chorm snakes? 

Charming snakes, though totally alien and perhaps horrific to 
Westerners, is an ancient and venerated tradition in India, dating 
from the third century b.c., and in Egypt, where mention of it 
appears in the early Booh of the Dead. 

The “snakers” (as they like to be called) in India regard 
themselves as a distinct caste, with spiritual beliefs integrally 
bound up with the snakes. They begin their training at the age of 
five or six, learning to handle snakes and to develop snake 
charming as an art, a way of life, and, most important of all, the 
means of carrying on the sacred traditions of their forefathers. 
Adult snakers — all of them male — have no other source of liveli- 
hood. They therefore plan their performances to have as much 
impact as possible on audiences, whose donations tend to be larger 
when the danger seems considerable. The favorite snake to use is 
the cobra, famous for its dramatic arched position. The image 
passed down to us is of a turbaned man “charming” a snake with 
his flute and causing it to rise out of its basket. But snakes don’t 
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have ears, and the cobra actually does not hear the flute at all. The 
snaker lures the snake, or rather threatens it sufficiently to make it 
rise up in a wary position, not with music but with physical 
gestures. He may splatter cold water on the snake to alarm it and 
then blow his flute near enough that the air rushes annoyingly 
over the snake’s back. (The flute is not like the conventional 
Western one but is rather a reed instrument with a gourd, two 
bamboo pipes, and occasionally a brass pipe.) The trick is to keep 
the snake interested enough to remain arched, yet not anger it so 
much that it strikes or runs away. The snaker may pass his hand 
before the snake’s head to keep its attention, or shift the 
instrument back and forth. Other snakes, usually nonpoisonous 
ones, may be loose around the snaker — just to add to the show. 
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How do they know when man was born? 

The controversial question of when man evolved to a large 
extent remains shrouded in mystery. To start, we have no clear- 
cut biological definition of a human being, nor do we have a 
precise behavioral definition. Some of us would like to forget our 
animal ancestry altogether; others admit the descent from apes but 
allow a good 15 million years in between for evolution and 
progress to the point where we seem to have little in common with 
monkeys. Anthropologists have unearthed clues to the past, but a 
complete and final answer is yet to be found — perhaps buried in a 
remote recess of the earth, perhaps embodied in man himself. 

A recent breakthrough, reported in Smithsonian magazine, 
derives from a comparison of our own blood proteins with those of 
various species of apes and monkeys. In 1967 Vincent Sarich and 
Allan Wilson of the University of California measured the sim- 
ilarities by first injecting rabbits with human albumin, which 
caused them to produce antibodies. Sarich and Wilson then mixed 
the albumin proteins of various primates with the antibodies. The 
stronger the reaction of the antibodies, the closer the relation 
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between the human and animal albumin proteins. In the case of 
monkeys, the reaction was 80 percent. The antibody reaction for 
gibbons was 88 percent; for orangutans, 92 percent. The closest of 
all were the African apes — the chimpanzee and gorilla — whose 
albumins caused a 96 percent reaction. We now know that — in 
addition to strong similarities between certain human and chim- 
panzee blood proteins — almost 99 percent of the DNA in chimps 
is identical to our own! Sarich and Wilson went on to hypothesize 
that the rate of evolution of the blood proteins is constant. Given 
the known differences today, they calculated that man’s diver- 
gence from the African ape occurred a mere 5 million years ago. 

Another party, working in the field rather than in the lab, found 
in the flat-topped volcanic craters of Ethiopia’s Afar Triangle the 
bones of hominids that lived 3 or 4 million years ago. (One 
expedition was led by F. Clark Howell of the University of 
California and Yves Coppens of the Musee de l’Homme in Paris; a 
second was organized by Donald Johanson of the Cleveland 
Museum of Natural History and Maurice Taieb of the Centre 
National de la Recherche Scientifique.) The bones of thirteen 
individuals were uncovered, and many were pieced together. The 
formation of a knee joint indicated that the hominids, called 
Australopithecus afarensis, walked upright. And they had human 
feet that pointed straight ahead, rather than to the side as do those 
of apes. Many anthropologists (particularly Owen Lovejoy and 
Richard Lee) now believe that the upright position evolved not so 
that the primate could use tools, as Darwin believed, but rather so 
that the male could carry food back to the female. This was the 
result of a long period of evolution in which early primates 
experienced longer periods of time between births and longer 
periods of infant dependency. To enable the species to survive, 
the male assumed the role of provider, ranging far and wide to 
gather food, while the female remained with her vulnerable 
infant. 

A system of monogamy thus arose out of necessity and appar- 
ently was used by the mysterious afarensis. Not only did they look 
like human beings, then, with their upright stature, but some 
patterns of social order may have been similar to ours. Is this 
enough to call them early men? Not quite, for in the area of brain 
power the afarensis doesn’t hold up. The size of the skull of the 
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hominid shows that its brain was similar in size to that of a 
chimpanzee: 300 to 500 cubic centimeters compared to modern 
man’s 1,000 to 2,000 cubic centimeters. (The overall height of 
afarensis was only about 3V2 to 5 feet.) Johanson and Tim White of 
the University of California believe that afarensis split into two 
branches: one favored muscle power and large jaws and became 
extinct; the other developed increasingly larger brains and per- 
haps led to the genus Homo. 

The earliest traces of Homo erectus date from about 1.5 million 
years ago. Their brains ranged from 800 to 1,300 cubic centime- 
ters, and they are particularly distinguished by their tools — not 
just sharp edges for cutting, but symmetrical, carefully shaped 
hand axes. These hominids may have ventured out of Africa to 
Eurasia. 

In eastern Greece an ancient skull was recently found, by 
accident, which has turned out to be the earliest trace of Homo 
sapiens, our immediate ancestors. Clark Howell and Christopher 
Stringer of the British Museum of Natural History analyzed the 
skull and reported it to be 500,000 years old. 

These findings, summarized by John Pfeiffer in Smithsonian, 
provide hints of the evolutionary process, but the question of just 
when the early primates left off being apes or hominids and 
emerged as man — or just where we decide to draw the fine line of 
distinction — remains open to debate, speculation, and wonder. 




How do coble cors clang up and down steep Son Francisco 
hills? 


The motive force for cable cars is provided by a moving cable 
generated from a power station. The system was conceived in 1867 
by the American mechanic Andrew S. Hallidie. By 1873 the first 
cable railroad, built by the Clay Street Hill Railroad Company, 
was in operation in San Francisco. This remarkable system, which 
aroused considerable excitement at the time, is basically the same 
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today and continues to draw admiration from visitors to the city. 
Many cities followed San Francisco’s lead in the 1870’s, but 
abandoned the system for practical electrical power in the 
twentieth century. 

The first cable car line in San Francisco extended 2,800 feet 
over a 307-foot incline. A grip device on the car (“Hallidie’s grip”) 
clamps onto a continuously moving subsurface cable between the 
rails, which draws the car along. An operator stops the car by 
releasing the grip and applying brakes. 

On exceptionally steep inclines a funicular system employing 
two cars connected by cables is most efficient. As one car ascends, 
the other descends and provides a counterbalance. This works 
best on a single track, except, of course, in the middle, where a 
double track allows the cars to pass each other. 




How do fireflies flash? 

The firefly is a nocturnal beetle whose rhythmic flashes of light 
are perhaps a means of sexual attraction, perhaps a warning signal 
for protection. Although scientists are still uncertain about its use, 
they do know how the light is created. 

The greenish-white “fire” contains little infrared or ultraviolet 
light and is thus known as “cold light.” It is produced in the 
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abdomen of the firefly by almost instantaneous oxidation of a 
chemical called luciferin, when an enzyme, luciferase, is present. 
Luminescence occurs when adenosine triphosphate (ATP) reacts 
with luciferase, magnesium ion, and luciferin to form a complex 
(luciferase-luciferyl-adenylate) and pyrophosphate. This complex 
reacts with oxygen, producing sufficient energy to convert the 
complex from a low- to a high-energy, excited state. The lu- 
ciferase-luciferyl-adenylate complex disperses its new energy by 
radiating a photon of visible light — the flash that we see — and 
thereafter returns to its original state. 

The lighting occurs in cells called photocytes, which are 
supplied with oxygen by air tubes (tracheae). The nervous system, 
in combination with the photocytes and tracheal end organs (cells 
at the ends of the tracheae), controls the rate of flashing. The 
excitation stimulus is conveyed by a nerve to the photocytes, 
through the tracheal end organs, and a chemical mediator is 
quickly secreted by the nerve to stop the light. Other types of 
beetles, whose luminescence is long and lingering, apparently do 
not have these tracheal end organs. 

Common fireflies emit a green or bright yellow light, but in 
Paraguay there exists a 3-inch wingless beetle, known as the 
railway beetle, that produces red lights at both ends of its body 
and green lights at different points in between. 




How do they determine the cause and time of death from on 
autopsy? 


The Chief Medical Examiner’s Office in New York City operates 
twenty-four hours a day to determine how people die. Twenty- 
four percent of the 72,079 deaths in the city in 1979 were not 
certified by a private physician and were referred to the Medical 
Examiner’s Office. Most of those were caused by criminal vio- 
lence, accidents, and suicides. Other categories that call for 
autopsy include "unusual” cases — the sudden death of someone in 


207 


good health, death as a result of therapy or surgery, and so on. 
Any noncertified death after which cremation is requested must 
also be examined, for obvious reasons. 

A museum on the sixth floor of the Medical Examiner’s Office 
houses all sorts of evidence from autopsies, from weapons to 
bones. One specimen is the skull of a man who was thought to 
have died from a stroke, until examination revealed a wound track 
in the deepest recesses of the brain. The examiner traced the 
wound to the membranes covering the brain, and then to a small 
hole in the side of the skull which was concealed by hair. An 
assailant had plunged an ice pick into the man’s head. 

In a typical case, an examiner might be called to the scene of a 
homicide. He investigates the area, the position of the body, and 
other conditions. Blood droplets radiating around the body might 
suggest that the man was shot there; the absence of such telltale 
clues might indicate that the body was dumped at the site long 
after death. A jagged wound surrounded by scorched skin means 
the assailant shot at close range. 

The time of death is usually problematic, and no single test is 
dependable. If rigor mortis has set in, the victim is likely to have 
died at least five or six hours previously. If his limbs are not yet 
completely cold, he has probably been dead fewer than twelve 
hours. 

The examiner brings the homicide victim to the office, where 
the entire body, not just the area of the wound, is examined. 
Radiographs are used to look for a bullet or bullet fragments. 
Urine and stomach contents are analyzed for alcohol or drugs. 
Blood samples are taken to be compared with possible evidence 
found on a suspect. Fingernail scrapings are examined for the 
same reason. In the Easter Sunday killings of 1937 such a scraping 
was enough evidence to indict twenty-eight-year-old Robert Irwin 
for three murders. Irwin had been jilted by Ethel Gedeon and 
went to her apartment enraged. He found Ethel out, and turned 
on her mother instead. He strangled Mrs. Gedeon, who scratched 
his face as she struggled. The desperate Irwin, finding Ethel’s 
sister and a boarder also at home, murdered them, too. Irwin was 
seen near the apartment and became a suspect, and the autopsy, 
which detected stubble from his face beneath Mrs. Gedeon’s 
fingernails, confirmed his guilt. 
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In the famous case of the Crimmins children, murdered by their 
mother, Alice, in July 1965, the contents of the little girl’s stomach 
held a vital clue to the time of death. Dr. Milton Helpern, then 
Chief Medical Examiner, performed the autopsy. Tiny hemor- 
rhages in the eyelids and larynx, as well as congested lungs, 
suggested asphyxia. (The girl, Missy Crimmins, had in fact been 
found with her pajamas knotted around her mouth.) Although the 
cause of death could thus be verified, the autopsy unearthed other 
factors essential to the case. Alice Crimmins had said she fed the 
children at 7:30 p.m. and saw them after midnight; they were 
abducted in the predawn hours, she claimed. Helpern, however, 
found fresh food in the child’s stomach — which was full — indicat- 
ing that Missy had died within two hours of a meal. In cases of 
physical or mental disturbance hours or even days before death, 
which can alter drastically or even stop the digestion process, 
analysis of stomach contents may be misleading. But in Missy’s 
case, since death was rapid, the evidence was significant, leading 
Helpern to believe that Alice Crimmins was lying. Courtroom 
scenes that dragged on for years have proved him right. 

When in 1933 Helpern was new in the position of Chief Medical 
Examiner, he investigated the death of a heroin addict — and, in 
the process, turned up a dozen cases of malaria. The man, a 
seaman, was thought to have died from encephalitis, or brain 
infection. Helpern did an autopsy and found purplish patches in 
the white matter of the brain, caused by thousands of small 
hemorrhages. Microscopic examination revealed red blood cells 
infested with malarial parasites blocking capillaries to the brain; 
the man had died of malignant tertian malaria (the estivo-autumnal 
type). But Helpern didn’t stop there. Having learned that 
outbreaks of malaria had occurred among other addicts, he visited 
the city prison and the correction hospital on New York’s Welfare 
Island, where he talked with and examined addicts who took the 
drug intravenously. Eleven of the 110 addicts had malaria; each 
had been infected by an injection apparatus that was used 
communally. A drop of blood would get through the needle and 
into the syringe; thus were malarial parasites transferred to the 
next user. 

Determining the cause of death from autopsy is not always 
foolproof, of course. Cases arise, for example, in which examiners 
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fail to distinguish between an injury inflicted before death and one 
that was incurred after death. Nevertheless, autopsy can reveal 
valuable information — findings to make or break a courtroom 
case — when performed with the proper knowledge and expertise. 
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How do they moke gosohol? 

The market for gasohol is still very small and its production 
costly, but this promising alternative to gasoline has a higher 
octane than the real thing and cuts down on the consumption of 
oil. Conservationists are particularly excited about gasohol, for in 
the final analysis, it is solar energy that drives your car through the 
organic raw materials of gasohol, such as corn or sugarcane. 

Gasohol is a blend of 10 percent ethyl alcohol (ethanol) and 90 
percent unleaded gasoline. Ethanol is produced by fermentation 
of starches and sugars. By far the largest source for this is corn, 
which is the most abundant of cereal grains grown in the United 
States. Oats, barley, wheat, and milo can be used, as well as 
sugarcane, sweet sorghum, and sugar beets. Potatoes and cassava 
(a starchy plant) are possible sources, as is cellulose, which can be 
broken down into fermentable sugars. 

Just about any fuel can be used to power the fermentation plant 
in which ethanol is made: coal, agricultural and industrial wastes, 
natural gas, solar or geothermal energy, and oil. 

The corn is ground and cooked so that the starch can be 
processed further. Enzymes are added to convert the starch to 
sugars, which in turn are converted to alcohol by reacting with 
yeast. The alcohol is distilled until it is 190 proof — that is, 95 
percent of the substance is alcohol. Finally, any vestiges of water 
are removed so that the alcohol is totally dry — 200 proof. This 
ethyl alcohol is then blended with unleaded gasoline. 

The yield of ethyl alcohol from one acre of produce varies. An 
acre of corn yields 250 gallons; an acre of sugar beets, 350 gallons; 
an acre of sugarcane, 630 gallons. Producers of gasohol are anxious 
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that land be set aside solely for growing crops for production of 
ethanol, but the depletion of food supplies, nutrients, and organic 
soil constituents remains a matter of concern. 

Since alcohol is an excellent solvent, it is essential that all 
equipment handling gasohol be clean. Mechanical problems have 
resulted from clogged filters, especially in old cars, in which 
gasohol loosens accumulated dirt. Oil companies report that 
mileage improvement is questionable, but, in general, engines 
that run on gasohol tend to foul less and to run cooler and cleaner. 
And, of course, in a time of dwindling oil imports and limited 
supplies, the fact that gasohol contains less oil than gasoline is 
certainly appealing. 

In the future it may become economical to produce gasohol 
from garbage. The cellulosic portion — paper and wood — of muni- 
cipal waste, although readily available, must be subjected to 
radical treatments before the yeasts can act upon it. First, the 
lignin, which forms a hard shell around the cellulose, must be 
cracked, either in pressure cookers or by explosion from high- 
pressure jets into low-pressure areas, which causes the lignin to 
swell. Then the cellulose cells, containing thousands of units, must 
be broken down into single or double sugars by addition of water 
and treatment either by sulfuric acid — this method is rapid but 
costly — or by enzyme action, which requires two days. When 
these processes are made less cumbersome and expensive, 
however, we may be running our cars on old newspapers. 




How do they know how many stars ore in the universe? 

Astronomers know how many stars are in the universe because 
they are pretty certain they can tell how big it is. They know how 
big it is because they think they know how old it is — although 
there is some disagreement on that point. And estimates of the 
universe’s age in turn depend on estimates of the speeds and 
distances of the farthest stars we are able to detect. This question’s 
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answer is a good example of the interconnectedness of astronomi- 
cal knowledge. 

The reasoning goes something like this. The farthest galaxies 
whose energy reaches our telescopes on Earth are flying away 
from us at nearly the speed of light. This is shown when their light 
is broken down in a spectrograph, an instrument that measures 
the wavelengths of the light reaching it: there is an extreme “red 
shift” in the spectral lines made by the various elements making 
up the stars. (For an explanation of the red shift, see “How do they 
know the universe is expanding?” page 121.) Astronomers have 
concluded that this means the universe is expanding, blowing up 
before our eyes. The amount of the red shift from the far galaxies 
tells us both how fast they are receding from us and how far away 
they are (see “How do they know how far away the stars are?” page 
213). If we know how far from one another the pieces of the 
universe are, where they are heading, and how fast they are 
moving, we can apply the laws of motion and determine when they 
must have exploded to be flying away at their present speeds. The 
commonly accepted estimate for the Beginning, the Big Bang that 
created everything, is between 10 and 20 billion years ago. How 
wide is a universe that blew apart, say, 20 billion years ago? 
Nothing we know of travels faster than light, so the light energy 
from the Big Bang itself must be scattered the farthest of anything 
in the universe. Since light travels at 186,000 miles per second, or 
one light-year in a year (6 trillion miles), the light generated at the 
moment of Creation must have progressed 20 billion light-years in 
all directions since then. So the matter and energy in the universe 
must have a radius of at most 20 billion light-years, or a diameter 
of 40 billion light-years. 

By judging the vast distances of space, astronomers have found 
that the galaxies they are able to detect are on the average 100,000 
(10 5 , or 10 X 10 X 10 X 10 X 10) light-years in diameter, and 
that the distance between stars is about 5 light-years. So the 
number of stars that can fit in a galaxy of an average spiral shape is 
about 100 billion (10 u ). 

The galaxies are about 2 million light-years apart in our corner of 
the universe. It seems reasonable to assume that the universe is 
approximately spherical, if it was formed by an explosion, and that 
its debris is distributed with approximate uniformity. Thus, in a 
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spherical universe with a maximum diameter of 40 billion light- 
years, there is room for about 10 billion (10 10 ) galaxies. So in 10 10 
galaxies, each containing about 10 11 stars, there are at most 
10 10 -!- 11 , or 10 21 stars; or about a thousand billion billion stars in 
the universe. 




How do they know how for away the stars ore? 


It sounds like a simple question, but in many ways it’s not. How 
can we know how far away something is if we can’t touch it? By 
comparing the way it appears to us with the appearances of things 
whose distances we know. If we assume that the same physical 
laws apply everywhere, we can use reasoning to find our way from 
things we measure with our hand out to the farthest stars in the 
universe. For mankind, the first link in the chain stretching to the 
stars was finding the distance from Earth to Mars. 

By observing the paths of the stars and planets as they moved 
across the sky over the centuries, Western astronomers came up 
with an accurate model of how the solar system was constructed, 
with the sun at its center and the planets making elliptical orbits 
around it. By counting the months or years it took for each 
wandering planet to return to its original position in the sky, 
astronomers could tell which planets were more and less distant 
from the sun — those that took the longest to go around were 
farthest from the center. But they had no idea of the actual 
distances in miles. In 1671 two Frenchmen, using a measuring 
technique common in surveying called trigonometric parallax, 
found the distance in miles to Mars, and from that they figured all 
the distances in the solar system. 

A ship carrying one astronomer, Jean Richer, set out for the 
port of Cayenne in French Guiana, which is in the Western 
Hemisphere. Richer’s colleague, Giovanni Domenico Cassini, 
stayed behind in Paris, which is in the earth’s Eastern Hemi- 
sphere. On the same night (which they had agreed upon before 
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Richer left France), at nearly the same moment, both astronomers 
thousands of miles apart pointed their telescopes toward Mars and 
took down its position relative to the stars around it. Each man 
saw Mars in a slightly different position; the difference was caused 
by a phenomenon called parallax. 

If you look at something from two different places, it appears to 
move in relation to its background. You can demonstrate parallax 
yourself: hold one finger up about a foot from your face, against 
the background of objects in a room. Look at your finger with your 
left eye alone, and then with your right eye alone. The finger will 
seem to move; through one eye it might be next to the lamp, and 
through the other it may line up with the chair leg. This happens 
because you’re looking through eyes 2 to 3 inches apart; it’s only 
12 inches out to your finger, so the change in vantage point makes 
a big difference. If you look at the avocado plant 20 feet away 
through each eye, however, it won’t seem to move. The parallax 
you observe with your eyes gives you depth perception for nearby 
objects; the use of parallax on a larger scale in astronomy gives us 
depth perception to find the distance of relatively near objects in 
space. 

In Richer and Cassini’s experiment, Paris and Cayenne are the 
two eyes, and Mars is the finger. To Richer in Cayenne, Mars’s 
perimeter lined up in front of one set of stars, and to Cassini it 
seemed to lie slightly east of that position. When they were able to 
get back together and compare readings, they measured the 
amount of the discrepancy in degrees of arc. Surveyors and 
astronomers use degrees to measure how much of their field of 
vision an object takes up — each degree is Vmo of the circle you see 
turning completely around while watching the horizon. Richer 
and Cassini were able then to draw an imaginary triangle in space, 
between Paris, Cayenne, and Mars. They knew the length of the 
base of the triangle: 4,000 miles; that was the distance between 
Paris and Cayenne — which had been measured by sailing ships — 
minus a calculated amount to allow for the earth’s curvature. They 
could find the angles of the triangle from the degree measurement 
they had made: the triangle’s top angle equaled the number of 
degrees’ parallax shift in Mars’s position. Using trigonometry, they 
could then find the height of the triangle: the distance to Mars 
from Earth, about 49 million miles. 
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Parallax measurement has also been used to find the distance of 
some of the nearer stars, such as Alpha Centauri and Sirius. Since 
stars are so much farther away than the planets, sightings taken 
from different points on Earth are not far enough from each other 
to show a measurable parallax. Astronomers instead take down the 
position of the star twice from the same spot, six months apart. 
The second sighting is thus made when Earth is on the other side 
of its orbit of the sun. So when sighting a star trillions of miles 
away, instead of trying to measure the minute parallax shift from 
vantage points only 4,000 miles apart, we can use points separated 
by twice the distance from Earth to the sun: 2 X 93 million miles, 
or 186 million miles. With a triangle base of that size, we can find 
by parallax that the distance to Alpha Centauri, the nearest visible 
star to our solar system, is about 24 trillion miles (4.3 light-years) 
away, and to Sirius about 52 trillion miles (8.8 light-years). 

The universe is unimaginably vast. Stars are so far apart just 
within one galaxy that if the sun were the size of an orange, the 
nearest star would be represented by another orange 1,000 miles 
away. A journey from our solar system to neighboring Alpha 
Centauri in the fastest rocket known to man would take 1 million 
years. Thus, parallax sightings taken from the far points of Earth’s 
orbit are useful only for finding the distance to stars 100 light-years 
away or less. Most of the galaxy is much farther from us than that, 
and we must use other methods of reckoning. There are many, 
and they draw on a wide assortment of facts scientists know about 
the stars. 

One way of finding the distance to a star more than 100 light- 
years away is by spectroscopic parallax — analyzing the color of the 
light that reaches us from the star with a spectroscope, a device 
that very precisely spreads out the spectrum from a beam of light 
the way a prism does, arranging the frequencies the beam contains 
from highest to lowest. The brighter the “blue” or high-frequency 
end of the spectral band, the hotter the star. Heat is the motion of 
particles; the faster the atoms of a star vibrate, the more 
frequently (per second) they emit waves of energy in the form of 
light, and the more high-frequency waves show on the spectrum. 

Astronomers have noticed among the near stars, whose dis- 
tances they can measure by trigonometric parallax, that the hotter 
stars have the most mass and the greatest luminosity — they send 
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Viewed from two different points on Earth, Mars appears to occupy 
two different places in the heavens. From each point the planet seems 
to sit in front of a different arrangement of stars. Astronomers can 
measure this parallax shift as some number of degrees on a circle. 
Using this degree measurement and the actual distance between the 
two vantage points on Earth, scientists applying elementary trigonom- 
etry can figure the distance to Mars. 


out the most total light. They conclude that the trend applies to all 
stars, that temperature always has the same relation to luminosity. 
Thus from the bright blue spectrum of Epsilon Orionis in the 
constellation Orion (the Hunter), which shows it to be burning at 
the fierce temperature of 24,800 Kelvins (about 44,000 degrees 
Fahrenheit), scientists estimate that it must have a radiating 
power 470,000 times that of the sun — the sun’s temperature is 
only 5,800 Kelvins. If we can accept the estimate of Epsilon 
Orionis’s true brightness and compare it to how bright it appears 
to us on Earth, we can then figure its distance, since light always 
dissipates at the same rate the farther it gets from its source. A 
photometer, analogous to a photographer’s light meter, attached 
to a telescope measures the apparent brightness of a star by 
counting the light particles that reach us from it per second; the 
formula for apparent brightness is luminosity -s- 4 tt (distance) 2 . 
From the color of Epsilon Orionis, which indicates its tempera- 
ture, which in turn tells its radiating power, we conclude that it is 
1,600 light-years away. 

Spectroscopic parallax, however, is useful only out to the edge 
of our own galaxy, 100,000 light-years away. The Milky Way, 
which contains 100 billion stars like the sun, is only one of 10 
billion or so galaxies in the universe. As wide as the void is 
between stars in the Milky Way — 5 light-years — the distance 
between galaxies is an even more staggering 2 million light-years. 
The light we see coming from our closest neighboring galaxy, 
Andromeda, was emitted 2 million years ago, when mankind’s 
prehistoric ancestor Australopithecus was busy chasing gazelles 
near the Olduvai Gorge in East Africa. 

To judge the distance to another galaxy, astronomers scan its 
stars for a type known as a Cepheid variable. The brightness of a 
Cepheid varies regularly; some give off twice as much light in the 
bright phase as in the dim. Polaris, the North Star, is one of the 
Cepheid variables in our own galaxy. By measuring the distance to 
the nearer Cepheids by spectroscopic parallax and other short- 
range methods, astronomers have found that the length of a 
variable star’s period of pulsation — its complete cycle of bright and 
dim — is related to its mass and luminosity. The longer the period, 
the greater the peak luminosity. Polaris has a four-day cycle and is 
2,500 times as bright as the sun. 
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Applying the principle to a Cepheid in another galaxy, we can 
tell its luminosity from the length of its period and compare the 
star’s apparent brightness with its luminosity to get the distance, 
as with spectroscopic parallax. 

Beyond 10 million light-years things get more approximate: we 
know the luminosity of the entire Milky Way Galaxy; when we 
sight a distant galaxy, we assume it is about as intrinsically bright 
as our own and again estimate distance from apparent brightness. 

But how about galaxies near the far ends of the universe — 2 billion 
to 20 billion light-years away? The only way now known to determine 
how far it is to a galaxy so distant is to measure the amount of its red 
shift (see How do they know the universe is expanding?” page 121); 
those with the greatest red shift are receding the fastest. Their 
trajectories suggest that the universe consists of the fragments of a 
cosmic explosion scattering into space. 

In an explosion, the fastest-moving particles fly the farthest from 
the blast; that is what astronomers see happening in the universe. 
Among stars whose distances can be measured by Cepheid or 
galactic luminosity, it seems the farther away they are, the faster 
they are receding from us — and the more pronounced is their red 
shift. Thus for the very farthest galaxies more than 3 billion light- 
years away — for which we can barely pick up a spectrum — we 
must figure that the distance is proportional to how fast a galaxy is 
flying from us, as shown by its red shift. The extreme shift of a 
galaxy in the constellation Hydra shows it to be receding at 38,000 
miles per second, which is more than 20 percent of the speed of 
light. That would indicate that the galaxy is 3.6 billion light-years 
away. 


:> 


How does o polygraph detect lies? 

Police have used polygraphs extensively since 1924. The ma- 
chines have no particular magic of second sight which enables 
them to probe the twisted emotions of a suspected criminal; 
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rather, they measure blood pressure, pulse rate, and respiration 
simultaneously by means of a pneumograph tube around the 
subject’s chest and a pulse cuff around the arm. Impulses are 
picked up and traced on moving graph paper, which is driven by a 
synchronous electric motor. The theory is that respiration, blood 
pressure, and pulse are involuntary actions — not subject to the 
person’s conscious will — yet they are bound up with the person’s 
emotional state. Fluctuations from the norm, generally a height- 
ening of those actions, signify emotional tumult and, the police 
deduce, a lie. 

Giving a lie detector test is an involved procedure that requires 
the expertise and sound judgment of a specially trained admin- 
istrator. It would, of course, be ludicrous to ask the subject only 
the key question, such as “Did you murder your wife?’’ The 
subject must also be asked a series of control questions; for 
example, “What is your name?” or “Did you ever steal anything in 
your entire life?” If he answers no to the latter, chances are he is 
lying, and any change in his pulse or breathing can be observed. 
In some instances the subject may actually be told to lie so that the 
administrator can note the degree of curve in the lines appearing 
on the graph paper. When the key question is asked, the 
administrator must compare the degree of change in the line with 
the lines corresponding to other answers — some truthful, some 
not. 

Because the outcome of a lie detector test is so dependent on 
the abilities of the test giver, polygraphs are absolutely forbidden 
in courts, nor can test results be used in testimony. Psychologists 
are far from convinced of the validity of polygraphs, but the police, 
who use trained people to give the test, consider them an 
invaluable aid. 
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How do sword swallowers swallow swords? 

In an age of sophisticated movie effects and skillful stuntmen, 
we usually conclude that dangerous exploits on the screen or stage 
are somehow rigged — especially if the feat is as daring as sword 
swallowing. But the fact is that most performers of this uncanny 
act do not fake it or use gimmicks. Admittedly, some magicians 
today insert a tube along the neck and chest under their clothes, 
with an opening near the mouth concealed by a fake beard. Others 
use a sword that retracts into the hilt when pressure is put on the 
tip. But the original sword swallowers and many today do indeed 
swallow the blade, which is carefully measured to extend to the 
base of the stomach — and no farther. In the nineteenth century, a 
street juggler — originally a Zouave, or member of a French 



infantry unit noted for its quick-spirited drills — used to allow 
spectators to touch the projection of a saber pressing against his 
stomach wall below his sternum. He was a braver fellow than 
most, for many performers of this feat swallow a guiding tube 
beforehand and retain it, partially swallowed, throughout the 
performance. Composed of thin metal, 17 to 19 inches long and 
just under an inch wide, the tube protects the path along which 
the sword will descend. 

In order to gradually overcome the gag reflex, a sword swal- 
lower begins practicing with smaller objects, such as spoons and 
forks, being careful not to drop them and swallow them whole. 
With head tilted back, mouth open wide, he aims to align with the 
descending object his mouth and pharynx (4 to 4% inches), 
esophagus (10 to 11 inches), cardiac opening of the stomach, and 
distended stomach (7% to 8 V 2 inches). The total distance is about 
2 IV 2 to 24 V 2 inches; the length of the flat blade of the saber is 
generally 2 IV 2 to 23V2 inches. Needless to say, the sword swal- 
lower must fast before such a performance. 




How do they tell how smart you are from an IQ test? 

Because most people refer to an IQ, or “intelligence quotient,” 
as a fixed score, with the power to determine one’s education, 
career choices, and even self-respect, you’d think it must be 
derived from a single, standardized test. Quite the opposite is 
true. There are numerous tests, with varying fundamental princi- 
ples and of course different gradations of complexity depending on 
the age of the test taker, that can be used to determine an IQ 
score. 

This kind of testing began in France in 1905 when the French 
government commissioned Alfred Binet and Theodore Simon to 
develop a test that could be used to separate the children who 
should attend regular school from those who should go to special 
schools for slow learners. In other words, Binet’s test indicated 
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whether or not a child would succeed academically by comparing 
his rate of learning with that of others his own age. This test, 
composed of 54 questions, was revised and expanded in 1916 and 
became the widely used Stanford-Binet test, which underwent 
further revisions in 1937 and 1960. It involves tests of analogs and 
opposites, comprehension, vocabulary, verbal and pictorial com- 
pletion, and memory. 

The other widely used measure of intelligence is the Wechsler 
Scale, first used in 1939 to evaluate patients at Bellevue Hospital, 
New York. The Wechsler Intelligence Scale for Children (WISC) 
was standardized in 1949 on a sample of 2,200 English-speaking 
white children whose fathers fit into nine occupational categories. 
Today the scales have been revised to measure people of all ages, 
with a test for preschool ages four to six and one-half, children six 
to sixteen, and adults sixteen to seventy-four. 

Unlike the Stanford-Binet, WISC divides a child’s intelligence 
into categories. An IQ score is derived from measuring each 
subtest and formulating an average. The subtests are designed to 
call upon a wide scope of the child’s abilities, from concentration 
and alertness to practical knowledge and moral sensibility. (Critics 
of the tests, however, say they fail to measure a child’s creativity.) 

An “Information” section, composed of 30 questions on a broad 
range of general facts, measures how much information a child has 
gotten from his environment. Such questions as “How many 
pennies are there in a dime?” which draw on everyday experience 
are mixed with others requiring information learned in school, 
such as “What is the capital of Greece?” or “Who wrote Romeo 
and Juliet ?” A “Comprehension” section of 14 problem questions 
has been devised to evaluate social and moral behavior patterns 
acquired in everyday learning, as well as to measure emotional 
stability. Practical judgment is required to answer such questions 
as “What is the thing to do when you cut your finger?” or “Why 
are criminals locked up?” An “Arithmetic” subtest of timed 
problems calls upon the ability to manipulate number concepts, 
requiring alertness to carry out the four basic operations of 
addition, subtraction, multiplication, and division. These prob- 
lems are used to indicate a child’s cognitive development. 
“Similarities” involves identification of likenesses, for Wechsler 
believed the ability to develop classificatory relationships to be an 
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excellent test of human intelligence. These questions require 
associative thinking — “Lemons are sour and sugar is . . .” — and 
reasoning — “In what way are a pound and a yard alike?” A 
“Vocabulary” subtest contains a list of words to be defined, with 
special attention paid to the semantic character of the definition. 
In this category, educational and environmental influences are 
obviously significant factors in the child’s chances of success. 
“Picture Arrangement” consists of cut-up pictures or picture 
sequences to be assembled. This test, which is timed, is designed 
to measure perception, visual comprehension, and understanding 
of causal connections. Other subtests include “Block Design,” 
“Picture Completion,” “Object Assembly,” and “Coding.” 

Proponents of IQ tests believe that 80 percent of intelligence is 
inherited and only 20 percent stems from conditioning, and that 
the tests adequately measure pure intelligence. Critics, whose 
numbers are increasing, hold that no one has ever actually proved 
that an IQ test and intelligence are precisely related. They point 
to culturally biased items that result in higher scores for average- 
income whites than for poor urban blacks. All too many questions 
draw on how much a child has learned in school, an inadequate 
indication of potential or basic mental ability. Another criticism is 
that an individual’s IQ score often fluctuates, depending on 
emotional state, age, and the desire of the child or adult to 
succeed. 


:> 


How does o gun silencer silence the shot? 

When a thug on TV sneaks up behind his unsuspecting victim, 
skillfully attaches a silencer to his revolver, and nails him with a 
few soundless shots — you’re watching pure fiction. First, no 
silencer completely eliminates the sound of a gunshot; at best, it 
partially suppresses the loud crack from the explosion of gases 
behind the bullet. (In Europe silencers are more appropriately 
called “sound modulators. ”) Second, a silencer is ineffective on a 
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revolver, for as the bullet jumps from the cylinder to the barrel in 
this weapon, the sound escapes out the side. 

In the early part of this century, when shooting was a popular 
sport, the ecologically minded inventor Hiram Percy Maxim 
disliked all the noise so intensely that he developed both the 
silencer for firearms and the muffler for automobiles. By 1934 the 
United States viewed the silencer as a weapon unto itself; a 
Treasury act controlled silencers and placed a high tax on them. 
Today each state has its own laws; silencers are illegal in New 
York, for example, but permitted in Connecticut and Mas- 
sachusetts. 

A silencer functions on the same principle as a car muffler. 
When placed at the end of the barrel of a firearm, the silencer 
absorbs heat and pressure from the explosion. Spiral veins of steel 
or bronze wool inside the tube of the silencer actually catch gases 
behind the bullet. As the gases rotate along this longer spiral path, 
they are broken down, cooled somewhat, and emitted more 
slowly; the explosion of gases is thereby suppressed and the sound 
modified. Silencers vary in size, depending on the model of gun 
for which they are required, but they tend to be larger than those 
you see on TV: 2 to 3 inches in diameter and 9 to 15 inches long for 
a .38 or .357; 1 inch in diameter and 6 to 8 inches long for a .22 
handgun or automatic. 

Silencers may be hard to come by, but quiet murders are not. 
By simply wrapping the nozzle of an automatic pistol in a pillow, a 
gunman can achieve a cheap and very effective means of muffling 
the sound. 




How do they moke foke cherries? 

There are bright red cherries, sometimes found in pie fillings 
and cakes, that have nothing in them remotely resembling a real 
cherry. In the 1940 s a synthetic cherry was created, comprised of 
a sodium alginate solution, artificially flavored and colored with a 
red dye. Drops of the solution are allowed to fall into a bath of 
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calcium salt. A “skin” of insoluble calcium alginate clings to each 
drop. The drops are allowed to cure and eventually, as calcium 
ions penetrate the center, they gel into sweet, unwholesome 
“cherries.” 

You may be tempted to shove aside the cherry on your ice 
cream sundae with disdain, but your fears are needless — this is a 
maraschino cherry, a real cherry that has simply been dyed. 


How does o dentist perform o root canal? 

You know there’s a cavity in that upper molar (your tongue 
keeps returning unconsciously to the unfortunate spot), but you 
can’t bring yourself to make an appointment with the dreaded 
dentist — just the sound of his drill makes your skin crawl. You 
continue to procrastinate. Then you bite down just the wrong way 
on a hard candy, the tooth cracks, and you despair. You may not 
lose the tooth, but you face extensive root canal work, which 
makes filling a cavity seem like a breeze. 

The outer coating of your teeth is enamel. Beneath the enamel, 
dentin, a living substance, fills the crown and roots. This material 
in turn protects the sensitive nerve or pulp chamber in the crown, 
which narrows as it extends down into the roots. A tooth may have 
one, two, or three roots. When a dentist does a root canal, he 
actually removes the pulp, composed of nerves and small blood 
vessels, from the chamber right down to the roots and fills the 
empty cavity — the canal — with another substance. 

If all the nerves in your tooth have not been destroyed, the 
dentist gives you a local anesthetic. Then he clamps a thin sheet of 
rubber over and around your tooth to prevent saliva and/or the 
side of your mouth from touching the tooth and exposing it to 
germs. Using a drill, he really goes to town, drilling right down 
into the pulp chamber and below. Using fine wire broaches, 
reamers, and files, he removes pulp and infection, enlarges the 
canal slightly, and smooths the walls. X rays are useful for guiding 
the instruments to the tip. The canal is then irrigated with 3 
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percent hydrogen peroxide to kill germs and sealed with medica- 
ments. The tooth is not filled, however, until it is completely free 
of germs, which requires several visits to the dentist. When there 
is no sign of infection, the dentist fills the root with a special 
cement. He inserts a gutta-percha stick or silver point into the 
cement to the tip of the canal and then fills the rest with cement. 
Again, X rays help to ensure that the entire canal is filled. Only 
then does the dentist put a regular filling in your weary tooth and, 
perhaps, add a crown or porcelain jacket for support. 

Root canal work can save not only a severely damaged or 
diseased tooth, but even a tooth that is completely knocked out — if 
you get to the dentist within a half hour after your accident. The 
dentist can put your tooth back in place, and the thin covering of 
the tooth eventually will reattach itself to the jawbone. In the 
meantime the tooth is wired in place and cannot be used. The 
dentist may do a root canal immediately, as he holds your tooth in 
place, or may wait until it is more secure before replacing the 
damaged pulp. 




How do they know how cold "absolute zero" is? 

There isn’t any limit to how hot something could be, if an 
infinite supply of energy were available. But cold is just the 
absence of heat, and there is, theoretically, a state of “no heat” or 
absolute zero, which is the coldest anything can be anywhere in 

the universe 273 degrees Centigrade, or about - 459 degrees 

Fahrenheit. That is far colder than the Siberian steppe, where 
winter temperatures dip to an invigorating — 100 degrees Fahren- 
heit, and colder than any temperature ever reached in a labora- 
tory. Scientists know what it is, though, by measuring how gases 
expand and shrink with changes in temperature. 

Heat is the motion of the atoms or molecules making up an 
object. Any substance — solid, liquid, or gas — contains some heat, 
its particles somehow moving: vibrating, rotating, or bumping into 
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one another. When we say, for instance, that one pot of water is 
hotter than another, we mean its molecules are colliding more 
often than those in the other pot. Objects expand with heat 
because their particles move around more, propelled by collisions 
with other particles. Thus a cold automobile tire looks flatter than 
one that’s been driven on for an hour. 

Scientists use gases at various temperatures to study heat, 
because the behavior of gases demonstrates the action of particles, 
which are the “stuff” of heat, very clearly. If you confine a gas in a 
container and heat it, its molecules collide more and more 
frequently, raising the pressure on the container walls as the gas 
tries to expand. If you cool the gas, the pressure drops. If you 
confine the gas in a flexible container that changes its volume in 
response to the volume of gas, keeping the pressure constant, the 
gas expands or contracts at a constant rate with every change in 
temperature, corresponding to its molecular motion. 

By measuring its volume at 0 degrees Centigrade and then at 
other temperatures, it can be determined that any gas shrinks by 
V273 of its volume for every degree Centigrade that its temperature 
is lowered. Scientists reason that the coldest possible temperature 
must be one at which there is so little molecular motion that a gas 
takes up no volume at all. If the volume of a gas sample is 2 liters 
at 0 degrees Centigrade, and it drops by V273 of that (.0073 liters) 
for every degree Centigrade that its temperature is lowered, it 
must take a drop of 273 of those degrees Centigrade to reach zero 
volume. If volume in a gas is caused by heat, the temperature at 
zero volume must be “zero heat” or absolute zero: —273.15 
degrees Centigrade. Absolute zero is also called 0 degrees Kelvin 
or 0 Kelvins, after Lord Kelvin, who established the idea of 
absolute temperature. The Kelvin scale, which is commonly used 
in physics and astronomy, defines all temperatures as a given 
distance from absolute zero. 

Absolute zero can never actually be reached, according to 
cryogenic physicists, who specialize in producing very low tem- 
peratures in the laboratory. Any refrigeration process gets less 
efficient as a substance approaches absolute zero, since refrigera- 
tion uses molecular motion itself to slow down molecular motion. 
Using such tools as magnetic fields and liquid helium, however, 
experimenters have achieved temperatures only .0001 degree 
above absolute zero in samples of copper. Individual particles 
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smaller than a copper atom have been cooled to .000001 degree 
above 0 degrees Kelvin. 

What is the use of producing such low temperatures? One use is 
making a revolution in computer technology. Computers built to 
take advantage of a process called superconductivity, which occurs 
only below 7 degrees Kelvin, will be ten times faster than today’s 
machines, use a fraction of the electricity, and fit nicely into a box 
a few inches long on each side. The new computers will use a type 
of superconducting switch in their circuits called a “Josephson 
junction.” This switch operates with no electrical resistance, 
unlike any electronic device now available. It can go from “on” to 
“off” in 6 trillionths of a second, defying classical physics. 

Superconductivity is possible when certain substances get so 
cold that their larger particles, such as molecules and atoms, 
hardly vibrate at all; this allows the smaller electrons to flow 
smoothly without getting “bumped” by nearby atoms. It is the 
disruptive vibration of large particles that causes electrical resis- 
tance and wastes time and energy in an electrical system. A 
Josephson junction computer would contain about 1 million 
superconducting switches and could work only while submerged 
in a bath of liquid helium at a temperature of 4 degrees Kelvin, 
which keeps the circuits cold enough. 


:> 

How do ostronouts relieve themselves in spoce? 

When an astronaut, dressed in an elaborate spacesuit, is in his 
capsule hurtling through space at a tremendous speed, and 
perhaps consuming one of the hydratable delicacies prepackaged 
for him, relieving himself is not the problem it appears to be. 
Toilet facilities on the spacecraft are quite simple. The astronaut 
attaches a plastic bag with an adhesive lip near his anal opening. 
When full, the bag, which contains a germicide to prevent bacteria 
and gas formation, is sealed and stored in an empty food container 
for analysis after the flight. To urinate, the astronaut uses a fitted 
receptacle connected by a hose to a collection device where urine 
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may be stored. In some NASA flights, urine was simply dumped 
overboard. 




How do they measure continental drift? 

When Alfred Wegener, a brilliant German meteorologist work- 
ing in the early part of this century, came up with a theory that 
until 150 million years ago there was only one continent on the 
earth, geologists around the world were skeptical. It took until the 
1960’s for man’s knowledge about the lithosphere (the earth’s 
outermost crust) to advance to the point at which the revolutionary 
concept of plate tectonics was accepted. 

By studying the ocean basin floors, geophysicists had discovered 
that the earth consists of plates constantly in motion toward or 
against each other, that the hard, brittle lithosphere is constantly 
moving above a soft asthenosphere. The ability to measure this 
movement involves study of the earth’s magnetic field, its normal 
and reversed epochs, and the ocean floor, in which different 
epochs can be detected over a certain distance and then correlated 
to a magnetic reversal time scale. This entire analysis is as brilliant 
as it is complicated. 

The earth’s basaltic lavas contain iron and titanium, which, 
when extremely hot (1,100 degrees Centigrade), are not naturally 
magnetized. As they cool, however, they pass a critical point 
known as the Curie point, after which they become magnetized in 
alignment with the earth’s magnetic field. A startling fact known to 
geophysicists is that approximately every 100,000 to 1 million 
years, the earth’s polarity actually reverses itself. (This means that 
a needle on a compass that points north in a normal epoch would 
make a symmetrical switch and point south in a reversed epoch.) 
Our own normal epoch began 700,000 years ago, but geophysicists 
have discovered many polarity reversals preserved in the ocean 
basin floors, the earliest occurring some 160 million years ago. 

Those reversals are discovered by examination of an axial rift on 
the ocean floor, where over the ages basaltic lava has welled up, 
formed a crust, split, and slowly moved outward. The lava of a 
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Basaltic lava pushes upward and splits, forming an axial rift on an 
ocean floor. As the upwelling continues, newer lava spreads outward 
on both sides, pushing older lava farther from the rift. Thus is the 
lava of a particular age divided and separated farther over time. The 
symmetrical, striped pattern on either side of the rift denotes normal 
(shaded) and reversed (white) epochs, as identified from the magnetic 
polarity of the lava, or oceanic crust. 

particular age thus forms two lines or strips on either side of the 
rift, which grow steadily farther apart as newer lava wells up and 
pushes outward. The result is a wonderful mirror image, sym- 
metrical with respect to the rift. 

Oceanographic surveys have confirmed this pattern by the use 
of a magnetometer towed through the water which measures the 
earth’s magnetic field and detects normal and reversed epochs. 
(Basically, the instrument consists of a bottle containing distilled 
water and a wire coil, which are polarized and made extremely 
sensitive to intensity of magnetism.) Oceanographers measure the 
total intensity of the earth’s magnetic field, about 95 percent of 
which is generated in the earth’s molten core and the remaining 5 
percent resulting from the permanent magnetization of the 


231 



Minute variations in the earth’s magnetic field picked up by a mag- 
netometer can be resolved into a pattern. This magnetic anomaly pat- 
tern for a section of the Mid-Atlantic Ridge southwest of Iceland 
shows the anomalies— like the lava strips— to be symmetrical with re- 
spect to the axis of the ridge. Study of the magnetic values across the 
mid-oceanic ridge leads to identification of normal and reversed 
epochs. Rock ages are given in millions of years (m.y.). 

oceanic crust. If the crust is normally magnetized, its magnetic 
field is parallel to and runs in the same direction as the earth’s 
magnetic field, thus adding to the total measurement. If, on the 
other hand, it is reversely magnetized, the crustal field runs 
parallel, but in the opposite direction, to the earth’s magnetic field 
and thus reduces the overall measurement. Over hundreds of 
miles, the magnetometer registers a long-wavelength pattern 
which indicates total field intensity. Then, using a computer, 
oceanographers subtract the “carrier wave,’ which represents the 
magnetic field generated in the earth’s core. What’s left are the 
departures from this norm, magnetic anomalies that result from 
permanent magnetization of the oceanic crust. After several 
surveys, the magnetic anomalies can be resolved into a lineated 
pattern and, in accordance with the lava strips, they too are 
symmetrical with respect to the mid-oceanic ridge. 

The next step is to measure the width of the lava strips by 
modeling the anomalies into a pattern that represents normal and 
reversed magnetic areas over a certain distance. This pattern is 
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then correlated to a magnetic reversal time scale (in millions of 
years), derived in part by radiometric determination of the age of 
the rock in a particular strip. Knowing that x kilometers of normal 
and reversely magnetized lava strips occupy y millions of years, 
geophysicists can then, of course, calculate the rate of drift: 
distance -5- time = rate of drift. For example, if a span of 10 
million years is determined in the ages of the crust found within 
440 kilometers on one side of a ridge: 


440 X 10 s centimeters 

10 X 10 6 years 


4.4 centimeters per year 


This 4.4 centimeters per year of movement is the rate of drift on 
one side only; the total rate is double that amount. The average, or 
worldwide, rate of total crustal separation, however, is only about 
2 centimeters — less than an inch — per year. 


How does a ship move uphill through a conol? 

When a canal or other waterway passes over rough terrain with 
steep inclines, a lock or series of locks is built to enable ships to 
travel safely. A lock is a watertight enclosure equipped with gates 
at both its upstream and downstream ends. Its size depends on the 
size of the ships using the waterway. Small locks, 72 feet long and 
7 feet wide, are found on canals in England; the Mississippi and 
Ohio rivers contain massive 1,200-by-l 10-foot locks. 

If a ship is traveling upstream, the water level within the lock 
must at first be the same as that on the downstream side of the 
lock, in order for the ship to enter. Once the ship is inside, the 
gates swing shut, and the water level in the lock is raised by 
pumping in water through conduits that open into the bottom or 
sides. When a water level equal to that on the upstream side is 
reached, the gates at that end open, and the ship proceeds. This 
procedure may be repeated through as many locks as are 
necessary to lift the vessel to the water level of its destination. 

Locks have distinct disadvantages, however. The process is 
extremely slow and requires huge amounts of water. Alternate 
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methods include inclined planes, which enable substantial dif- 
ferences in water level to be overcome within relatively short 
distances. Ships are removed from the water and transported on 
trucks up or down planes to the desired level of the canal. An 
inclined plane at the Big Chute of the Trent Waterway in Canada 
spans 58 feet, and one at Krasnoyarsk, Russia, can accommodate a 
1,500-ton vessel. 

Lift locking, in which the lock itself is raised or lowered 
mechanically, is common in Europe. Vertical lifts operate by 
means of high-pressure hydraulic rams, or by a system of 
counterbalances and ropes, with electrically driven gearing. The 
Anderton Lift in England and Les Fontinettes in France are 
among those that enable ships to move uphill without undue 
delays. 




How do Polaroid sunglasses block out the glare but not the 
rest of the world? 

Polaroid glasses cut out the glare from your field of view by 
filtering out all the horizontal light waves, which happen to be 
what “glare” is made of. The lens that performs this feat was 
invented by Edwin H. Land at the age of eighteen, working in a 
laboratory he set up in his rented apartment on New York’s West 
Side. Land later founded Polaroid, invented the Polaroid camera, 
and became quite wealthy. 

Light, like all energy, travels in waves, just as the energy of 
motion travels in waves through the ocean. Ocean waves oscillate 
(vibrate) vertically, describing an up-and-down motion as they 
move toward the shore; anyone who has been clobbered by a six- 
foot breaker can attest to this. Light waves from the sun and from 
ordinary light bulbs vibrate at all different angles: horizontally, 
vertically, and at every angle in between. 

When you look down a brightly lit roadway, with the sun’s glare 
reflecting off your car’s hood and blinding you, the light reaching 
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Polaroid glasses filter out all horizontal light waves— the waves that 
cause glare. Light comes from the sun in all directions; some light 
waves hit the hood of your car at a 57-degree angle— Brewster s angle. 
The horizontal waves that bounce off the hood at Brewster’s angle ap- 
pear to your eyes as glare. 


Polaroid lens 



Polaroid glasses have vertical slits so that vertical waves can pass 
through; horizontal waves— glare— can’t fit. 
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your eye from the glare spots contains a large percentage of 
horizontal waves; this happens because light that strikes a shiny 
surface at the special angle of 57 degrees (called Brewster’s angle) 
is filtered or polarized by the surface so that only waves that 
vibrate parallel to the surface bounce off and reach your eye. In 
the case of a car hood, horizontal waves reach you, since the hood 
is horizontal. This polarized light has not penetrated the paint on 
the hood or been changed by it — it simply bounces — so it appears 
the same color as the sun that generated it: blinding white. 

Polaroid sunglasses contain vertical ribbing as fine as the height 
of a single light wave — about a millionth of an inch — which 
polarizes light vertically, stopping all but the vertically vibrating 
waves. The ribbing is made by stretching a sheet of heat-softened 
plastic, which makes parallel “stretch marks” or stress lines in the 
sheet. A light-absorbing dye is applied to the plastic, which settles 
along the minute lines to form the ribbing. 

This material wipes out glare from horizontal surfaces because 
the horizontal light waves coming off at Brewster’s angle can’t fit 
through the Polaroid ribbing, which runs crosswise to them. Most 
things that are important for us to see move on horizontal surfaces, 
such as roads, floors, and bodies of water, so a vertically polarizing 
lens takes out the worst glare. We see clearly through the lens 
because there are enough vertical waves that do get through to 
light the scene for us. 

You can test polarization for yourself at the drugstore racks 
where the glasses are sold. Put on one pair, and hold another pair 
in front of you as if you were about to put it on. The second set of 
lenses looks as clear as the set you have on — through it you’re 
seeing vertical waves that have made it through both polarizers. 
Now, swing the second pair sideways so that its lenses line up one 
above the other instead of side by side. The second set of lenses 
now looks black. Turned on its side, set 2 transmits only horizontal 
waves, whereas set 1 cuts out all of them, transmitting only 
vertical ones. Thus nothing can reach your eyes through both 
pairs — between them they have polarized out all the light. 
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How do they measure the gross national product? 

The gross national product, or GNP, is the primary indicator of 
the pace of economic activity within a nation. It is defined as the 
sum of the money values of all final goods and services that are 
produced in a certain period of time, usually a year. 

The money value of a thing is its market value, what people are 
willing to pay for it. You might purchase a pair of shoes that you 
think are worth more than the $30 you pay for them, or you might 
feel the price is too high for imitation leather and you’re being 
ripped off, but those considerations don’t count. What you pay is 
what is recorded. 

A final good means the good has been purchased by its ultimate 
user. Intermediate sales are not counted; if all steps were 
included, the output of the economy would appear to be double, 
triple, or even more what it actually is. For example, when a gas 
company buys gas from a pipeline company, the sale isn’t counted; 
but the sale of gas from the gas company to you, the final user, is 
included. 

Similarly, GNP reflects only the goods and services produced in 
a given year. If, for instance, you buy a 1970 Ford in 1980, it won’t 
be counted by a national statistician, nor will the resale of a house 
be tabulated. GNP would, however, include the car dealer’s 
markup and the real estate agent’s commission. 

Statisticians do not, or cannot, count goods and services that 
don’t pass through an organized market, such as gambling in 
Chicago — but not Las Vegas — and work you do for yourself in your 
spare time. 

What about all the goods that a company produces but does not 
sell — the inventories that linger in the warehouse? Those goods 
are added, as if they d been bought by the companies that 
produced them. 

Investment goods present another problem. The machines and 
tools that factories use are not sold to consumers, but are 
nonetheless considered final products, used by the companies that 
purchase them. 
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The usual method of measuring GNP is to add the following four 
amounts: 

1. Consumption of final goods and services. 

2. Gross private domestic investment, which is business invest- 
ment in plant and equipment, residential construction, and 
inventory investment. 

3. Government purchases. This includes what the government 
pays its employees, purchases of military equipment, typewriters 
used in government offices, and so on. Transfer payments, which 
make up a large share of government spending, are not included, 
for they simply involve shuffling money back and forth, for 
example, in grants to state and local governments, Social Security, 
unemployment compensation, and public assistance. 

4. Net exports, which is the total of exports minus imports. 

Coming up with these four figures is another matter altogether. 

The enormous numbers of facts and figures collected monthly and 
annually from various sources are compiled by a small group of 
people in the National Income and Wealth Division of the U.S. 
Department of Commerce’s Bureau of Economic Analysis (BEA). 
This group relies heavily on other agencies, such as the Census 
Bureau and its several thousand employees, and on thorough 
nationwide surveys. Every five years — the years ending with a 2 
or a 7 — the Census Bureau sends out questionnaires to whole- 
salers, retailers, manufacturers, construction companies, agri- 
cultural industries, and so on, to get extensive information about 
the type and quantity of goods produced, and about intermediate 
and final sales. The Census data provide the basic bench marks for 
the GNP components. More than five-year figures are necessary, 
however, for politicians, economists, businessmen, and the gen- 
eral public to keep abreast of the nation’s rate of productivity, and 
figures are accumulated annually and also quarterly at 15-day, 45- 
day, and 75-day intervals. In general, data collected over a one- or 
two-month period go into the 15-day estimates, but two or three 
months are necessary for the 45-day estimates. The 75-day 
estimates generally use data from all three months of the quarter. 

In the area of personal consumption expenditures, the Depart- 
ment of Commerce gets most of its information from the Census 
Bureau’s Monthly Retail Trade Survey and from trade sources, 
such as trade publications. In order to estimate the sales of new 
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cars, for example, statisticians record unit sales from trade sources 
for three months — average unit prices for two months make up a 
15-day estimate; three months of prices go into the 45-day 
estimate. The average unit price is based on trade source list 
prices and on Bureau of Labor Statistics data on discounts. Sales to 
government and to business are estimated separately and sub- 
tracted to obtain sales to consumers. The 45-day and quarterly 
figures are used to interpolate and extrapolate annual estimates. 
Quarterly figures on tobacco products are determined from 
Internal Revenue Service (IRS) excise tax collections and price 
data of the Bureau of Labor Statistics. Hotels and motels are 
services whose receipts are estimated quarterly by the Census 
Bureau, annually from records drawn out of trade sources. In the 
area of utilities, water and other sanitary services may be 
estimated quarterly by “trend” — old figures are used and updated 
when new ones are unavailable or deemed unnecessary. Gas, 
telephone, telegraph, and electricity are measured by revenue 
data from trade sources. Regulatory agencies, tax data from 
Census surveys of state and local government finances, and the 
U.S. Treasury also aid in measuring sales of utilities. 

The government represents another vast network with goods 
and services to be recorded. Many of the data used by the BEA 
are obtained from the Bureau of Accounts of the U.S. Treasury 
Department. The Bureau of Accounts computes monthly Treasury 
statements (MTS) from the total expenditures of different depart- 
ments. Reports with detailed breakdowns of spending are com- 
piled by each department and agency annually. For example, 
yearly defense reports tell just how much was spent on tanks, 
planes, ships, and so on. 

Changes in business inventories are recorded by the Census, or 
in the case of farms, by the U.S. Department of Agriculture. The 
Census Bureau also keeps track of imported and exported mer- 
chandise. Then, too, there’s the net interest you earn on your 
savings account — of which the IRS keeps careful count and then, 
like so many other agencies, channels the information to the BEA. 
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How does o pipe organ generate sound? 

When an organist strikes the first chord of one of Bach’s majestic 
chorales and the very arches of the cathedral seem to tremble, it’s 
incredible to think all that sound is being generated by air. A pipe 
organ sounds when the column of air enclosed in the pipe is 
disturbed and set in vibration. Before the advent of electricity, 
someone with a set of bellows stood by to supply the air; today, the 
same effect is accomplished electrically by a rotary blower that 
delivers a steady amount of air under constant pressure. 

The simplest organs have only one set of pipes, one pipe for 
every key on the keyboard. But in order to produce a rich variety 
of colors and tones, most organs have several sets, called stops or 
registers, set in a wind chest. When a key is pressed, a valve in the 
chest beneath the appropriate pipe opens, letting a stream of air 
into the bottom of the pipe. It is this vibrating column of air, 
whose molecules move up and down parallel to the length of the 
pipe, that produces the sound. As with piano strings, the longer 
the pipe, the lower the note; the pipe for C below middle C is 
exactly double the length of the pipe for middle C itself. 



How do they pick the Pope? 

The election of a new Pope by traditional methods passed down 
through the centuries occurs in the Vatican in Rome, where the 
College of Cardinals gathers behind closed doors under strict vows 
of secrecy. This tradition of secrecy arose so that the selection 
process could take place without interference from powerful 
secular governments. Precisely what occurs during the time the 
cardinals are cloistered there thus remains shrouded in some 
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mystery. Still, some elements of the process have become known. 

After waiting a minimum of fifteen days after the death of the 
previous Pope, the three orders of cardinals — cardinal bishops, 
cardinal priests, and cardinal deacons — meet and begin talking 
among themselves about potential candidates. Outright elec- 
tioneering (as for a U.S. President) is not believed to occur, but 
the cardinals probe each other’s feelings about the strengths and 
weaknesses of candidates; and although they rely on prayer for 
guidance, they are not immune to politics. 

The Sacred College of Cardinals, of which there were 111 
members when John Paul II was elected in 1978, gathers at the 
Hall of Congregations and first proceeds to the basilica of the papal 
palazzo to celebrate mass. The cardinals are locked for an 
indefinite amount of time within the Vatican walls, along with 
confessors, physicians, janitors, cooks, and barbers. Only the 
cardinals, of course, convene in the Sistine Chapel to elect the 
new Pope; the others work to make the cardinals’ stay comfort- 
able, or simply remain on hand, ready to be of service. The 
museum and library are cleared of tourists, and the members of 
the conclave, under rigorous security, stay in private cells in the 
papal palazzo and attached buildings. Because of a scandal in the 
thirteenth century when the conclave remained for thirty-three 
months banqueting and carousing, the food is plain at best. Most 
phones are disconnected, and mail is censored. Periodic searches 
are made for radios or other devices for transmitting messages to 
the outside. 

At the first congregation the cardinals must swear an oath, 
under penalty of excommunication, “to observe with the greatest 
fidelity and with all persons, including conclavists, the secrecy 
concerning everything that in any way relates to the election of a 
Roman Pontiff and concerning what takes place in the conclave or 
place of election, directly or indirectly concerning the scrutinies 
. . . not to break this secrecy in any way, whether during the 
conclave or after the election of a new Pontiff, unless . . . given a 
special faculty or explicit authorization from the same future 
Pontiff. ’’ The cardinals must swear to elect the man they hold most 
worthy of being Pope and ignore any influence of secular 
governments. All others present within the Vatican must swear, 
under penalty of excommunication, a similar oath of secrecy about 
everything relating to the election. 
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Traditionally, no voting occurs on the first day, which is 
reserved for prayer, consultation, and a meeting of the conclave to 
hear the constitution for the election of a new Pope. On the 
second day the conclave meets in the Sistine Chapel to begin the 
election. The constitution of Pope Paul VI allows for three 
methods of selection. The first is by inspiration: a cardinal may be 
moved to call out the name of a candidate, and if the others 
unanimously call out “I elect,” the matter is settled. Usually, 
however, the election is by scrutiny, or secret ballot, which calls 
for a majority of two-thirds plus one in support of a single 
candidate. Balloting occurs twice daily for three consecutive days. 
No speeches or conversations are permitted while the cardinals 
are gathered for balloting. Each writes a name on a formal ballot, 
goes to the altar, prays, makes a vow of secrecy, and drops the 
ballot onto a plate that covers a chalice. He then tips the plate so 
that all may see the ballot fall into the cup. Three elected cardinals 
act as “scrutinizes” to count the votes and read them aloud. 
Another committee of three cardinals recounts them. If there is no 
majority of two-thirds plus one, the balloting is done a second 
time. If again a majority is not reached, the ballots are burned in a 
stove along with a chemical pellet that turns the smoke black. 
Those anxiously waiting outside the Vatican see the puffs of dark 
smoke, which signify that no Pope has yet been elected. After 
three days of balloting the cardinals recess for several days of 
prayer, meditation, and spiritual exhortation. 

In the event of an impasse, which is extremely rare, the Sacred 
College may decide to vote only between the two leading 
candidates or opt for the third method of election: by an appointed 
delegation of nine to fifteen cardinals. (The number must be 
uneven.) The College decides whether the delegation’s vote must 
be unanimous or a simple majority, whether the candidate must 
be from the College or from a wider field, and how long the 
delegation may take to reach a decision. For centuries, though, it 
has not been necessary to pursue this course of action. 

When at last a new Pope has been elected, the ballots are 
burned in the stove with a chemical that emits white smoke to 
alert the waiting world outside. 
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How can they tell what o dinosaur looked like from a single 
bone? 


When dinosaur expert Dr. James Jensen of Brigham Young 
University unearthed the “Ultrasaurus,” the biggest creature ever 
to walk the earth, in an ancient Colorado riverbed, all he really 
found was a shoulder blade. How could he know what the rest of 
the animal looked like, much less that it was the biggest monster 
on land? 

“You’ve got to understand something about the body: it really is 
a machine,” Jensen said. “The muscles act like cables, and the 
nerves are literally an electrical system. You look at a bone and see 
how thick it had to be, where the muscles and tendons were 
attached (they leave grooves in the bone), where there are holes 
for nerve passageways; you look at the joint on the end to see how 
it moved. You ask yourself, ‘What did this machine part do?’ It’s 



“Ultrasaurus,” the tallest dinosaur ever to walk the earth, carried its 
head 60 feet high. An elephant, by contrast, stands only one-fourth as 
tall. Scientists deduced the titanic proportions of “Ultrasaurus” from 
a single 9-foot-long shoulder blade. 


really just like everyday life: you can tell a pencil sharpener from 
an egg beater, can’t you?” 

When Dr. Jensen, called “Dinosaur Jim” by his colleagues, 
made paleontological history in 1979 by finding the 9-foot-long 
scapula of a brachiosaurid, he nicknamed the creature “Ultra- 
saurus.” He says it was a vegetarian, weighing 80 tons and 
standing 60 feet high — tall enough to poke its head casually into a 
fifth-story window. Jensen deduced its dimensions by extrapolat- 
ing from a more complete skeleton of a smaller species of 
brachiosaurid, which had similarly shaped shoulder blades. 

“You have to be a good parts man; it’s something that comes 
with experience. Same way a good mechanic can look at a 
carburetor and tell you how big a car it ran.” A shoulder blade 
does a certain job in a skeleton, supporting a certain amount of 
weight; knowing the size and shape of the smaller brachiosaurid, 
which Jensen dubbed “Supersaurus,” he could tell that a larger 
scapula must have come from an even larger “Ultrasaurus.” 

Many things are known about extinct creatures from observing 
the animals in today’s world: the shape and strength of bone used 
in a given area of the body, which indicate the shape and function 
of the flesh covering it; joint structure, as a clue to eating habits — 
vegetarians tend to munch using the head alone, whereas car- 
nivores often have forelimbs that can bend toward the head, to 
enable them to put bits of flesh into their mouths; size, as a clue to 
metabolism — very large animals can afford to move slowly, 
effortlessly absorbing heat from the sun with their huge bodies, 
instead of generating it themselves as a small animal must. Small 
creatures tend to move fast to keep warm, whereas larger ones, 
such as elephants, bears, crocodiles, and big snakes, are lazy by 
comparison. Dinosaurs moved very slowly indeed, according to 
Jensen, and were cold-blooded — generating no heat in their own 
bodies and depending on the environment for warmth. 
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How does o thermos keep coffee hot, or lemonade cold, for 
hours on end? 

According to Prevost’s Theory of Exchange, the colder of two 
bodies always absorbs heat waves until both bodies are the same 
temperature. By this theory, it would be natural for scalding coffee 
or ice-cold lemonade in a thermos to lose heat or gain it, 
respectively. But a thermos is designed to cut down the exchange 
of heat between the inside and the outside of the bottle by 
hampering the three ways in which heat can travel: conduction, 
convection, and radiation. 

A standard thermos, made of metal or plastic, has an inner 
container consisting of a double glass bottle. A near vacuum exists 
between the two layers of glass, and the lips of the bottles are 
sealed by melting the edges together. Glass is used because it is a 
poor conductor of heat, which means that in glass heat does not 
pass rapidly from molecule to molecule as it does in a better heat 
conductor such as copper. The stopper and pads that hold the 
bottle in place in the outer container are generally made of cork, 
also a very poor conductor of heat. The near vacuum between the 
two layers of glass limits the possibility of heat escaping from or 
penetrating the thermos by convection — the transmission of heat 
by means of the movement of heated matter from one place to 
another in a liquid or gas. Since, however, heat can travel through 
a vacuum by radiation, the facing surfaces of glass are coated with 
a silvery solution of aluminum which reflects heat waves and does 
not absorb them. 

Sir James Dewar invented the thermos or “vacuum bottle” in 
1885 to keep heat from the liquid gas with which he was 
experimenting; the happy byproduct of his ingenuity has made 
July picnics and December football games more pleasurable ever 
since. 
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How do they embalm a corpse? 


Since ancient times, disparate cultures have been fascinated 
with the idea of preserving the bodies of the dead. We usually 
associate embalming with the elaborate funeral rites of the kings 
and queens of ancient Egypt, but it was also practiced by the 
prehistoric Paraca Indians of Peru and the Guanches of the Canary 
Islands. Tibetans today still embalm by the same formula used in 
that part of the world for centuries. 

Embalming in Egypt was a long, expensive process probably 
reserved for royalty. The brain, intestines, and vital organs of the 
deceased were removed, washed in palm wine, and placed in 
vases with herbs. The body cavities were then filled with powder 
of myrrh and aromatic resins. After the incisions were sewn shut, 
the body was placed in niter (potassium nitrate or saltpeter) for 
seventy days, at which time the body was washed, wrapped, and 
placed in a coffin. 

The modern principle of embalming by arterial injection was 
understood by William Harvey in the seventeenth century, but 
the technique as a way to preserve bodies for burial is usually 
attributed to the Scottish anatomist William Hunter, working a 
century later. In 1775 Hunter and his younger brother, John 
Hunter, embalmed Mrs. Martin Van Butchell, whose will stipul- 
ated that her husband could retain her fortune only as long as her 
body remained above ground. Hunter injected oil of turpentine 
and camphorated spirits of wine into the arteries, and Mrs. Van 
Butchell stayed in a glass-topped coffin in her husband’s living 
room for years. 

Since the Civil War, embalming has been an accepted practice 
in the United States. Today most bodies that are not cremated and 
are retained for some days before burial are embalmed. The 
process involves draining the blood from the veins and replacing it 
with a formalin-based fluid containing other ingredients such as 
phenol or dialdehydes. The percentage of formaldehyde is spec- 
ified by state public health law. After disinfecting the skin and 
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hair, the embalmer injects this formaldehyde solution into a main 
artery. Hand or electric pumps provide the necessary pressure to 
circulate the fluid. By an older technique, the fluid is simply 
allowed to flow through the arteries by means of gravity. In the 
event of arterial blockage, the fluid is applied locally. Next, the 
embalmer removes cavity fluid with a long, hollow needle called a 
trocar and inserts a stronger formaldehyde solution into the 
abdominal and thoracic cavities — areas not reached by the arterial 
fluid. The longevity of embalming varies considerably — from 
several months to thirty or forty years, depending on the 
thoroughness of the procedure and the nature of the body and of 
the soil in which it is buried. 
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How do "electric eye" elevator doors pop open for you if you 
walk through them os they start to close? 


Two of the “fathers of the atomic bomb,” Albert Einstein and 
Max Planck, are also responsible for the development of elevator 
doors that reopen automatically if they start to close as a person 
steps into the car. The two men explained how light falling on 
some materials can change them from poor conductors of elec- 
tricity into good conductors. Research into the nature of electricity 
that followed from the discoveries of Planck and Einstein when 
they described the “photoelectric effect” led to the invention of 
the photocell — the device that cues a motor to reopen the doors 
without your having to touch them. 

As you step into an automatic elevator, you’ll notice a thin beam 
of electric light shining at about thigh level across the threshold; it 
leads to a little receptor on the right. When you put your hand or 
body in front of that beam, the doors won’t close. The receptor is 
made of a type of metal called a semiconductor. Semiconductors 
include silicon, cadmium, arsenic, and germanium; they some- 
times resist an electric current and sometimes conduct it effi- 
ciently, depending on the frequency of the light striking them. 
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Electricity is the flow of free electrons. Ordinarily we think of an 
electron as a tiny particle orbiting a particular atom the way the 
moon goes around Earth. In some metals, however, the nuclei of 
the atoms bond closely with each other in a rigid, regular pattern 
called a crystal, with loose electrons moving at random through 
the entire structure. Metals such as iron and copper arrange 
themselves this way and are good conductors of electricity, 
because the electrons drifting through the crystal lattice can easily 
be made to bump into each other and flow from one point to 
another — through a wire, for example. 

Other metals, however, are made differently. When they 
crystallize, they do not leave any electrons adrift, but keep them 
bound with the nuclei in particular atoms. Thus they are poor 
conductors, since there aren’t free electrons to conduct a flow of 
current. The element germanium solidifies in this nonconducting 
form under ordinary conditions; but if the right frequency of light 
strikes its atoms, electrons can be “kicked” free by the force of the 
energy and made available to conduct electricity. 

Max Planck’s discovery, which Einstein confirmed, was that 
light consisted of packets or particles of energy called photons, 
which vibrate at different frequencies. Planck said that the higher 
the frequency or speed of vibration a photon has, the greater its 
power to “kick” an electron free from a nucleus. Substances have 
different thresholds of energy needed for the kick to take effect, 
below which their electrons can’t be moved. 

The sensors in automatic elevator door mechanisms generally 
respond to frequencies close to visible light. One common 
arrangement works like this: the elevator doors’ “at rest” position 
is closed; it requires the action of an electric motor to open them. 
The current supply for the door-opening monitor is controlled by a 
conventional switch. Most of the time this switch is off, with no 
power reaching the doors. Two different mechanisms, however, 
can throw it to “on” under different circumstances, to make the 
doors open. The most obvious is a timer that opens the doors for a 
certain number of seconds when the car reaches each floor; the 
other is the photocell safety device. 

The safety device is a switch controlling another switch: the 
door switch springs to the “on” position and opens the doors 
unless it’s held “off” by an electromagnet called a relay. Power for 
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the relay magnet must pass through the germanium crystals in the 
photocell receptor on the right of the doorway. While the light 
across the threshold is reaching the receptor and keeping its 
electrons “kicked” and excited enough to conduct current, the 
power to the relay keeps flowing, which keeps the door opener off, 
which means the doors can close whenever the timer lets them. 
When the beam is blocked by a person entering the elevator, 
however, the electrons in the germanium lose their energy and 
are recaptured in its crystal structure; the germanium suddenly 
loses its conductivity and breaks the relay circuit. The elec- 
tromagnet stops working and no longer holds the door motor off. 
The motor therefore switches on, the doors pop open instead of 
crushing you, and you can step through the door into the elevator. 



How does o dollor-bill changer know whether your dollar is 
real? 

If you’ve ever tried to cheat a dollar-bill changer by inserting a 
piece of notepaper, newspaper, or whatever’s on hand when your 
money runs low, you’ll know the machine is no fool. More than 
the correct size note is necessary to set off the circuits that send 
four quarters into a change receptacle. A common design, the one- 
dollar-bill validator made by Micro Magnetic Industries, Inc., 
performs no fewer than five authenticity tests on your dollar bill, 
so you might as well leave the Monopoly money at home. 

This machine consists of a solid-state system of control and 
sensing circuits and a motorized dual-belt drive system that 
transports the dollar bill. The first test — a gross density check — 
occurs as the forward part of the bill enters the machine; a light 
shines on the bill, and a photocell measures the amount of light 
passing through it. If the bill is too thick or too thin, it can’t enter 
the validator. 

Inside the machine a second, more elaborate optical test is 
performed, using a moire grid pattern, a stable light source, and a 
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silicon photovoltaic cell. The moire grid pattern contains lines 
designed to correspond to the very fine lines that run diagonally 
through the words “one dollar” on the back of a dollar bill. As 
this section of the bill passes in front of the grid, a light shines 
through the grid, and the lining up of the lines (or the disparity 
between them) creates an optical wave pattern. A photovoltaic 
cell, in turn, transforms this pattern into frequency information. 
The optics circuits consist of an electronic frequence filter and an 
integrator. If the bill is real, a single frequency appears at the 
output of the filter, to be integrated and converted into “time- 
presence information.” Depending on the presence and duration 
of the signal from the optics scanning unit, the integrator accepts 
or rejects your bill. This interferometric scheme allows the 
machine not only to weed out play or foreign money, but to 
distinguish between a one and a five-, ten-, or twenty-dollar bill; 
different printing patterns produce different optical “signals.” 

Meanwhile, the bill is also being scanned by a magnetic pickup 
transducer. Magnetic characteristics, resulting from magnetic ink 
used in the printing of all valid bills, are transformed into an 
electronic signal. Again, depending on the presence and duration 
of the signal, your bill may be judged an acceptable candidate or a 
reject. 

The bill must then travel on to interrupt a light path between 
another optic pickup cell and a light source. This triggers the 
validator to evaluate the results of the previous tests — the density, 
optic, and magnetic circuits. If any of those circuits is in the reject 
mode, the machine rejects the bill. 

If the bill passes, it activates a circuit that measures its length 
and a circuit that “remembers” that the previous tests produced 
acceptable results. At last, a “credit” signal is activated to give you 
your change in return. Once inside the machine, electromechani- 
cal interlocks prevent the retrieval of the bill by devious means. 


250 


How do they notate choreography? 


Until the twentieth century, specific dances were passed on by 
observation and oral tradition. Although a variety of dance 
notation systems have since been formulated, two in particular are 
widely accepted and used with increasing frequency. The first, 
Labanotation, invented by the movement theorist Rudolf Von 
Laban in 1928, uses symbols on a vertical staff which is read from 
bottom to top. Joan and Rudolf Benesh, on the other hand, formu- 
lated a system known as Choreology in 1956, in which the spaces 
in a five-line staff correspond to parts of the body, as if the body 
were superimposed on the staff; it is read from left to right. This 
system was immediately adopted by the Royal Ballet in England, 
but today there is much debate about which system is superior. 
Many feel that Labanotation is more detailed and hence more 
accurate. Proponents of Benesh, however, say their system is 
widely applicable to different kinds of movement and, being more 
pictorial than Labanotation, is easier to read. 


forward (left) 
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forward (right) 


left forward diagonal 


right forward diagonal 



left backward diagonal 


right backward diagonal 
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Direction symbols. 


Any dance notation system must take into account three major 
factors: where the body is moving in space, what part of the body 
is moving, and how long it takes to complete the movement. 

Labanotation has a set of direction symbols based on a rec- 
tangle. The rectangle itself implies the dancer is stationary, but 
variations in the shape (a triangle, for example, pointing to right or 
left) indicate which way to move. The symbols are in this sense 
pictorial. 

It is possible to include simultaneously in the direction symbol 
an indication of the level of the movements: steps to be executed 
at low level (with knees bent) are shaded, those for the middle 
level (with legs straight, feet flat on the floor) contain a dot, and 
high-level movements (on the balls of the feet) are indicated by 
diagonal lines. 

low level 

Basic levels (shadings). |*j middle level 


/ 

\A 


high level 


The symbols are placed on a vertical staff composed basically of 
three lines, the center one being, as it were, the dancer’s spinal 
cord. Columns to the left and right represent parts of the body on 
the left and right sides; a symbol written in the left arm column, 
for example, tells a dancer how and where to move the left arm. 
Columns immediately to the left and right of the centerline 
indicate progressions of the whole body by means of transference 
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of weight, jumps, or falls. Next to these “support” columns are 
columns for leg gestures. Outside the three-line staff are columns 
for body movements (torso, chest, pelvis), and adjacent to these 
are the arm columns. Additional columns may be added as needed 
for symbols modifying the main movements. 

Also contained in this intriguing system is a measurement of 
time. The length of a symbol indicates how long the movement 
takes, with longer symbols representing slower movements and 
shorter ones faster motions. 


L 

slow 


medium 


Ei 


In addition, the vertical staff is marked off into bars, or measures, 
that match the horizontal measures of a musical score. Small dots 
on the center line indicate beats. The following shows two 
measures in 3/4 time: 


2 

1 



end of second measure 

end of first measure and end of third beat 

end of second beat 

end of first beat 


Other symbols supplement these fundamentals, allowing La- 
banotation to account for any motion one can imagine. Different 
types of hooks show which part of the foot is in contact with the 
floor, and a system of pins can (among other things) indicate the 
degree of a turn. 



Degree of turn. 



waltz step schottische polka tango 


A B C D 

The movements of four dances are expressed in Labanotation, which 
uses symbols on a vertical staff (shown here in % scale of the actual 
size of the notation ). Reading from bottom to top, a dancer following 
the above four measures of the waltz step would (1) step forward 
with the right foot, leg bent; then forward on the ball of the left foot; 
and forward on the ball of the right foot. A dance teacher would 
say simply: down, up, up. (2) This measure repeats the first, but be- 
ginning with the left foot. (3) The dancer takes a step to the right, 
at low level (leg bent), brings the left foot to meet the right, and 
takes two steps in place on the balls of the feet. (4) The dancer moves 
to the left, then takes two steps in place— down, up, up. Throughout, 
the symbols are quite long, indicating a slow tempo. They are of 
equal length, which means that the three movements within each % 
measure are of equal duration. 


Until recently Labanotation had to be painstakingly written out 
by hand. But in the sixties New York City’s Dance Notation 
Bureau collaborated with IBM to develop a means of typing the 
notation. By 1973 IBM developed a typing element with eighty- 
eight separate characters that can be used on an IBM Selectric. 
The Dance Bureau has also published volume 1 of an extraordi- 
nary book entitled Doris Humphrey: The Collected Works, which 
contains the choreography of three of Humphrey’s works, scored 
in Labanotation. 

In the dance notation invented by Rudolf and Joan Benesh, a 
five-line staff acts as a matrix for the human body. The top of the 
head touches the top line and the feet touch the bottom line; the 
three lines in between intercept the body at the top of the 
shoulders, waist, and knees. Lines and dots are employed as the 
basic signs to note the exact spot occupied by the extremities — 
hands and feet. These signs, plotted in the appropriate place on 
the staff contain information about positioning of the limbs in 
relation to the torso: a horizontal line means level with (or parallel 
to) the body; a vertical line, in front of the body; a dot, behind the 


body. 



Benesh notation describes an arabesque on a five-line staff which, as 
illustrated above, corresponds to the figure of a dancer. The lines and 
dots indicate placement of the hands and feet, their height, and their 
position in relation to the plane of the body. 


The position of a bent knee or elbow is denoted on the staff by a 
cross: 

1 = level 


I 

X 


= in front 
= behind 


Foot position is indicated by where the basic sign is placed in 
relation to the bottom line of the staff: on top of the line means on 
point; through the line indicates demi-point; below the line is a 
flat foot. 

The movement of an arm or leg is shown by a movement line 
drawn from the point at which the limb starts to the point at which 
it arrives. A basic sign is plotted at the finishing point, but not at 
the starting point, thereby indicating the direction in which the 
hand or foot should move. 




Movement lines, together with symbols for positioning of the hands 
and feet, express side to side arm waving in Benesh notation. 
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A curved line beneath the staff indicates the leap required in this 
changement. 

Locomotion, or traveling movements such as jumping, step- 
ping, and sliding, is shown by movement lines drawn along or 
under the bottom line of the staff. A curved line beneath the staff 
indicates a jump of some kind; a straight line denotes a slide. 

The pins placed below the bottom line of the staff tell the 
dancer which direction to face in relation to the audience. 
Furthermore, a system of arrows and hooks is used to show the 
direction of travel and the dancer’s relationship to it, for example, 
whether one faces or has one’s back to the line of travel. 

Finally, it is essential that the system incorporate a measure- 
ment of time. A number at the beginning of the staff tells the 
number of beats per bar, and signs written above the staff mark 
the beats and half beats appropriately: 




= half beat 


\ / 


quarter beats 


As one reads from left to right, these rhythm signs mark points in 
time, while the notation of the staff denotes points in space. 
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How do they put 0-D movies on television? 

For some, TV has assumed a reality more meaningful than the 
actual world; others simply delight in the technical advances that 
have provided, say, better color. But for whatever reason people 
are enamored of their television sets, a desire to make programs 
still more lifelike continues: interest in three-dimensional TV 
images is widespread in Japan and Australia already, and it is 
gaining in the United States. 

Our eyes perceive depth because each eye sees a particular 
image from a slightly different angle. Since our eyes are approx- 
imately 2 V 2 inches apart, two images are reflected on our two 
retinas and then fused by the brain into a single perception. The 
earliest 3-D movies in the United States employed two syn- 
chronized projectors which showed two pictures of a scene as 
viewed from two positions. Those positions were approximately as 
far apart as our own eyes, and the viewer fused the images in his 
mind just as he would an object in the real world. The two pictures 
were superimposed on each other, however; one projector had a 
red filter, the other a green. Viewers, in turn, wore cellophane 
glasses with red on one side, green on the other. The eye watching 
through red cellophane would be blind to the green image created 
by the green filter, and vice versa. This system enabled a viewer 
to separate the image pairs cast by the projectors sufficiently to see 
the scene in 3-D. 

Later, polarized filters and glasses replaced the cellophane. A 
polarizing filter blocks all light waves except those running in the 
same direction as its own particular “grain.” A vertically polarized 
filter is placed on one projector, a horizontally polarized filter on 
the other. Glasses containing one vertically polarized and one 
horizontally polarized lens separate the stereoscopic pairs created 
by the superimposed images on the screen and provide a sense of 
depth. 

Systems used abroad for 3-D television rely on illusion rather 
than on stereoscopic vision. A simple psychological illusion which 
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provides the basis of 3-D in Japan uses the Pulfrich pendulum 
effect: if one eye is covered with a gray filter, a pendulum swinging 
back and forth, strangely enough, appears to be making an 
elliptical path. Viewers must wear glasses with one blank lens and 
one gray filter. The drawback, of course, is that the subjects on the 
screen must be in constant motion. An actor or actress at a 
standstill loses an entire dimension! 

Australia is adopting an inexpensive Digital Optical Technology 
System, which also establishes 3-D by illusion. While the central 
subject of the film is in focus, the background is deliberately 
blurred. In addition, the background colors on one side are given 
a reddish edge (achieved through color separation), those on the 
other side a cyan, or greenish-blue, edge; the fringe colors of the 
subject in the foreground are reversed. The scene looks two- 
dimensional until the viewer puts on red- and cyan-tinted glasses. 
The variations in color are subsequently translated into variations 
in depth. 

In the future, holography, which uses beams of laser light to 
produce startlingly realistic images, will undoubtedly be a source 
for the most sophisticated and refined 3-D TV ever. 


;> 


How do they dig tunnels underwater? 

There are two fundamental methods of tunneling underwater 
that have enabled men to overcome the problem of floods and 
collapsing walls. 

The Thames tunnel was built in the mid-nineteenth-century by 
a system that ensured that the air pressure within the tunnel 
exceeded the water pressure without, thus preventing the inflow 
of water. First, the face of the tunnel is sealed with heavy airtight 
gates. Necessary equipment — shields, conveyors, dump cars, and 
segment erectors — are placed within the tunnel, and workers pass 
back and forth through air locks and a decompression chamber 
used for acclimatization. Air is pumped into the tunnel until the 
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pressure inside is higher than that of the water pressure outside. 
In addition, pressure grouting with cement, bituminous emul- 
sions, or gelling salt solution is usually necessary. When loose 
gravel presents a problem in the tunnel, temporary jetties may be 
built above from which are lowered tubes that inject a bentonite- 
silicate cement mixture, forming an impervious strip on either 
side of the digging. Any water leaking into the tunnel is pumped 
out, and eventually a waterproof lining is constructed. 

The second, and newer, method of tunneling underwater 
involves first constructing the tunnel, then lowering the prefabri- 
cated sections into the water. The section of the Paris Metro that 
runs under the Seine, built in 1910, was constructed in this way, 
as were the Chesapeake Bay Tunnel and the Ij Road Tunnel in 
Amsterdam. Concrete or steel sections, generally nearly 200 feet 
in length, are floated out and sunk into dredged trenches. 
Temporary end walls are then removed, and the joints are sealed. 
The trench holding the tunnel is filled in to secure its position. 
Pile foundations help support the tunnel, and it is essential that 
their tops be made level so that weight is distributed evenly across 
the long sections. This was accomplished in Holland’s Rotterdam 
Metro by first sinking each tunnel section onto four piles. Other 
piles to support the section had been driven in slightly farther, but 
were topped with false heads, each containing a nylon-sleeved 
cavity. When cement grout was pumped into the sleeves, the false 
heads rose to the level of the tunnel. 



How do they get air into a 2-mile-long tunnel? 


When as many as 5,000 cars, trucks, and buses may pass 
through a tunnel in an hour, it is essential to dilute exhaust gases, 
which include hazardous carbon monoxide, by means of mechan- 
ical ventilation. Approximately 150 cubic feet per minute of fresh 
air is required in a two-lane tunnel, and twice that amount is 
necessary in a four-lane tunnel. 
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The ventilation system in New York’s Holland Tunnel, com- 
pleted in 1927, set the pattern for many long vehicular tunnels in 
the United States and other countries. The 1.6-mile, twin-tube 
tunnel runs under the Hudson River between Manhattan and 
New Jersey at a depth of 93 feet. Four ventilation towers, two on 
each side of the river, contain enormous blowers that force fresh 
air through louvers in the sides of the buildings and into ducts 
running beneath each roadway. Air enters the ducts at a velocity 
of 60 miles per hour and is diverted into expansion chambers that 
run the length of the tunnel. By an upward system, fresh air is 
emitted at curbside through a series of slots. The slot openings can 
be regulated from a central control point so that the amount of 
ventilation in the tunnel varies according to traffic conditions. 
Exhaust fumes and air escape through ducts in the ceiling of the 
tunnel, travel to chimneys in the buildings at either end, and 
empty into the atmosphere. In peak traffic, this efficient system 
changes all the air in the tunnel every 1.5 minutes. 

Other methods of ventilating a tunnel include a longitudinal 
system, used in the Saint-Cloud Tunnel in Paris: air is drawn in 
through ducts from the ends of the tunnel and issued out in the 
center with fans. By the upward transverse system, found in the 
Mersey Tunnel in Liverpool, England, the inlet is at curbside (as 
in the Holland Tunnel), but exhaust is channeled out through 
shafts at both ends. The Velsen Tunnel in the Netherlands 
employs yet another method — a cross-flow system — in which 
blowing ducts and exhaust ducts are situated on opposite sides of 
the tunnel to ensure proper ventilation. 




How do they know whether on object dotes from 1000 b.c. 
or 3000 b.c.? 

When an archaeologist examines an artifact, knowledge that the 
object belongs to a certain period sometimes suffices. But in many 
cases he requires a chronometric, or absolute, date: a quantitative 
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measurement of time with respect to a given scale. Chronometric 
dating techniques, of which there are a variety, are based on 
change in natural phenomena. Knowing the rate of change and the 
amount of change enables one to calculate the number of years 
that have elapsed since the process of change began. 

The most widely used technique since the late 1950’s is 
radiocarbon dating. The principle behind it originated with Nobel 
laureate Willard F. Libby’s examination of effects of cosmic rays 
on the earth and the earth’s atmosphere. Neutrons are produced 
when those rays enter the atmosphere; the neutrons then cause a 
transmutation in the nucleus of any atom with which they collide. 
Although the neutrons are themselves uncharged, they react with 
nitrogen-14 to produce a heavy isotope of carbon, carbon-14, 
which is radioactive. This newly created carbon-14 reacts with the 
atmospheric oxygen to become carbon dioxide, which in turn 
enters the biological carbon cycle. Carbonaceous material is 
dissolved in the oceans; carbon dioxide enters plants by photo- 
synthesis; and the plants are ingested by animals. 

When organic matter dies, however, carbon-14 atoms can no 
longer be assimilated or supported, and disintegration into nitro- 
gen-14 occurs. The half-life of carbon-14 — the time required for 
half of the radioactive carbon to disintegrate — is 5,730 years. As it 
dissolves, the carbon- 14 emits a beta particle. (A beta particle is an 
electron or positive electron ejected from the nucleus of an atom 
during radioactive decay.) It is by counting the number of beta 
radiations emitted per minute per gram of material that the half- 
life is measured. Modern carbon- 14 emits 15 counts per minute 
per gram; carbon that is 5,730 years old should emit 7.5 counts per 
minute per gram. 

Because of the high carbon content of organic matter, it is most 
suitable for the radiocarbon technique of dating, and lesser 
amounts need to be examined than of material that is low in 
carbon. Laboratories can calculate a reliable date from an examina- 
tion of charcoal, wood, shell, bone, basic alloys of iron, peat, 
paper, cloth, animal tissue, leaves, pollen, pottery shards, car- 
bonaceous soils, and even prehistoric soot from the ceilings of 
caves. 

When a sample of material containing carbon is brought to a lab, 
it is first examined carefully and all contaminants removed. Next it 
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is converted to a gaseous form — carbon dioxide, methane, acety- 
lene, or benzene — by burning or other methods. A complex 
vacuum system then removes radioactive and electronegative 
impurities derived from the original material. The sample is taken 
to a proportional counter that counts the beta particles emitted 
from the carbon, so that this rate can be compared with a modern 
standard for the same material and an age determined. The 
proportional counter produces, and measures, electrical pulses in 
proportion to the energy of the beta particle initiating each pulse. 
Because it is necessary to shield the material being analyzed from 
any background radiation coming from the earth, 8 inches of iron 
surround the counter. 

The dating sample is generally counted for at least two separate 
1,000-minute intervals. After a final count has been obtained, a 
“radiocarbon date” can be calculated by means of a complex 
mathematical formula involving the activity of the sample, the 
activity of a modern sample, and the decay constant. 

Radiocarbon dating can be used to date an object anywhere 
from 500 to 50,000 years old. Comparative dating by other 
methods has shown that radiocarbon dates are not entirely precise; 
that is, some discrepancies exist between radiocarbon dates and 
astronomical dates. This is especially true in the case of extremely 
old objects dating from between 5500 b.c. and 9000 b.c. 
Radiocarbon dates are thus given with a standard deviation, such 
as 1200 ±100 b.c., meaning the object probably dates from 
somewhere between 1300 b.c. and 1100 b.c. 




How does o diamond cutter cut a diamond? 

For centuries mankind has prized the brilliant, precious stones 
that were first collected in India, possibly as early as 800 b.c. Pliny 
the Elder called diamonds the “most highly valued human 
possessions,” and in recent years they have been put to multiple 
uses ranging far beyond the ornamentation of crowns and wedding 
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rings. The National Aeronautics and Space Administration uses an 
extremely thin diamond disk to help determine the temperature of 
the stars, and surgeons are able to remove cataracts with sharp 
diamond knives. 


Diamonds are actually made of carbon — the same atoms that 
compose coal and graphite — the difference arising from how the 
materials were formed. Millions of years ago carbon in the earth’s 
upper mantle beneath the crust, subjected to extreme heat and 
pressure from molten rock, crystallized into rough diamonds. 
Those crystals grew into various forms, all in the cubic system of 
crystallization. Most rough diamonds occur in the form of oc- 
tahedrons, but twin crystals, known as macles or twins, 
dodecahedrons, and cubes are also found. 

Diamonds have a perfect cleavage grain parallel to the oc- 
tahedron faces, making it possible to divide large crystals and 
macles along any of four cleavage grains. But the diamond, whose 
etymology stems from the Greek word adamas, meaning “uncon- 
querable,” is the hardest substance known and can be cut only by 
another diamond. 

Diamond cutting, the process by which a rough crystal is 
transformed into a polished stone, calls upon the skill and 
expertise of perhaps five different craftsmen. The history of 
diamond cutting stretches back to the late Middle Ages, when 
craftsmen first reduced the angles of pyramidal stones to form the 
first “point cut. ” By the mid-fifteenth century, more than 250 cuts 
had been developed, among them the symmetrical and relatively 
plain table cut and the exquisite rose cut, with its domed crown of 
triangular facets meeting in a point at the center. Out of a series of 
logical developments, the rough was fashioned in various ways, 
until finally the modern brilliant cut was developed. In 1919 
Marcel Tolkowsky mathematically determined the optimal angles 
and positioning of the 58 facets that would ensure maximum 
reflection of light through the top of the diamond. The principal 
cuts today are divided into two categories: the brilliant cuts — 
round, oval, marquise, pear-shaped, and heart-shaped — and the 
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Some of the stages in cutting a modern brilliant diamond from an 
octahedral crystal. 
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step cuts — notably the rectangular emerald cut and the tapered or 
straight baguette. 

Before beginning to cut, a craftsman studies a rough stone 
under a 10-power magnifying loupe to determine whether or not 
the stone should be cut at all, and if so, what is the best way to get 
maximum value from the rough. Usually he polishes one facet, 
which allows him to peer inside the stone and take note of any 
inclusions (trapped foreign matter) or interior features. For weeks 
he might weigh the factors that will determine the finished stone’s 
value: cutting, clarity, carat weight, and color. He determines 
whether size, clarity, or a fine cut (which might mean considerable 
weight loss, but a more brilliant stone) is of primary importance. 

If the stone is to be cleaved, the cutter marks it with india ink 
exactly along the cleavage grain. He cements it to a 10-inch-long 
cleaving stick, then takes another diamond, called a sharp because 
of its sharp edge, and rubs it back and forth along the line marked 
with ink. When a small notch or “kerf” of the required depth has 
been formed, he anchors the stick in a lead box. He places a thin, 
flat-edged, steel cleaving knife into the kerf and with a mallet gives 
the back of the knife a sharp blow, which splits the crystal. This 
procedure demands exceptional skill. 

A more common method of making two or more diamonds out of 
one crystal is sawing. The stone is held firmly by two steel dops 
and positioned before a rotating phosphor bronze disk, whose 
cutting edge is coated with a paste of olive oil and diamond dust. 
Although the saw rotates at 5,500 revolutions per minute, it will 
cut only .05 inch in an hour. Today there are factories for diamond 
sawing in which one craftsman might oversee twelve machines 
cutting at once. 



The finished stone. 


Next, the diamond must be shaped. This is done by cementing 
it to a cylindrical dop or holder and then mounting it on a lathe. A 
second diamond on a dop at the end of a long stick is held by hand 
against it. By this process, called bruting, the stone is girdled or 
rounded at its greatest width. 

Finally, the complex task of grinding and polishing is accom- 
plished by holding the diamond, again in a kind of dop called a 
tang, against a rotating horizontal disk. The disk is made of 
relatively soft iron and is covered with a mixture of olive oil and 
diamond powder, which acts as an abrasive. The first facet to be 
cut is the table, or upper flat surface. Its position is of utmost 
importance, for all of the other symmetrical facets depend on its 
placement. The diamond is held in the dop at the end of the tang, 
and careful adjustments are made so that the facet will be ground 
in the proper position. After 8 more facets are cut or “blocked” on 
top, and 8 on the bottom, the diamond is bruted again. The stone 
is then passed on to the brillianteer, who makes the final 40 facets 
and the culet facet (opposite the table). The brillianteer must 
ensure that all facet junctions — points at which 4 or 5 facets 
meet — are precise. All told, when the polished gem at last is 
finished, it may be less than half the size of the original rough, 
uncut stone. 

In recent years, lasers have proved a remarkable and very useful 
means of sawing diamonds in any direction desired. The intense 
light of the laser, which heats the diamond and turns it into 
graphite, can actually saw through the stone with pulsating, 
progressive shots of laser light along a line. A laser can also 
minimize black inclusions: a laser bores a hole down to the 
inclusion, and a strong chemical oxidizer is forced into the hole, 
which dissolves the inclusion and turns it white. With such 
impurities less visible, the value of the diamond can be increased, 
and the damage done by the laser is no worse than a white 
inclusion left in the diamond. 
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How do they select contestants for the Miss America Pageant? 

Miss America is not chosen on the basis of beauty alone — 
although this was the case back in 1921 when the pageant 
originated as a showcase for Atlantic City bathing beauties who 
paraded the Boardwalk on Labor Day weekend. Today the 
pageant has become a scholarship foundation, with such other 
factors as talent and poise brought into consideration by the 
contest judges. The Foundation, a nonprofit civic corporation 
sponsored by the Gillette Company, Nestle Company, and 
Kellogg Company, awards $2 million in scholarships annually, 
with $20,000 going to Miss America. 

A candidate for Miss America must be a United States citizen 
and a high school graduate between the ages of seventeen and 
twenty-six. She must never have been married and be of “good 
moral character. ” With these qualities — and an ambition for fame 
and glamour — she is eligible for a local pageant held in her state. 
The Miss America Pageant grants a franchise to a “responsible 
organization” within each state, which in turn enfranchises other 
organizations, generally civic and service clubs, to conduct the 
contest on local levels. The headquarters in Atlantic City provides 
the clubs with a complete kit — how to hold a Miss America 
Pageant in your own backyard, as it were. Local pageants are 
informed about judging procedures and balloting, budgets, adver- 
tising aids, and publicity. 

At every level — local, state, and national — the contestants are 
judged in four separate categories: private interview, evening 
gown, talent, and swimsuit. Points are accumulated in each 
division and added at the end, with extra weight awarded for 
talent. First, the contestant meets alone for 7 minutes with a panel 
of judges who form an evaluation of her personality, mental 
alertness, and general knowledge. Mature vocabulary, pleasant 
voice, good manners, and sincerity are all winning attributes in 
this category. In the opening stage competition, contestants wear 
evening gowns of their own choice, walk before the judges, and 
speak for 15 seconds. Poise, grace, and an overall attractive 
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appearance are key factors here. Next is the talent competition, in 
which the women sing, dance, act, or in some way dramatize a 
hobby or career. The judges are instructed to look for potential as 
well as already trained and accomplished talent. Then comes the 
procession of contestants in swimsuits, when the judges look for 
fine figures, poise, and posture to select the next beauty queen of 
America. 




How do they decide whether o steak is Prime or Choice? 


It won’t satisfy your curiosity about just what kind of meat 
you re eating to learn that the decisions about gradations are, 
when it comes right down to it, quite subjective. Government 
inspectors (the only ones permitted to make such decisions) rate 
the meat right at the slaughterhouse, an entire cow at a time. The 
overriding factors are color and amount of marble. The brighter 
the meat and the more tiny flecks of fat, the higher the grade. The 
inspector stamps as Prime the meat he considers of highest 
quality, after which come the categories of Choice, Good, and 
Ungraded. No fixed standards exist, however, and decisions vary 
not only from inspector to inspector but from day to day, 
depending on how a particular inspector feels. If he has indiges- 
tion from too much steak the night before, it might have some 
bearing on what lands on your own table. 




How does detergent cut greose? 

Detergents make use of the fact that water sticks to itself. Like 
soap, detergents are surfactants; water jams surfactant molecules 
between the surfaces of dirt and clothing fiber to pry the dirt 
particles loose and keep them from sticking again. Unlike soap, 
detergents can work in “hard” or mineral-laden water almost as 
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well as in soft water, but their basic cleaning action is the same as 
that of soap. 

The cohesion of water is the key to the surfactant process. 
Water molecules stick together because they are dipolar — each 
one has two poles, positive and negative. A water molecule (H 2 0) 
is laid out like a triangle, with an oxygen atom at one end and the 
two hydrogen atoms at the other. The oxygen atom, the triangle’s 
vertex, has a negative electric field around it, and the hydrogen 
base of the triangle has a positive field. The molecule as a whole is 
electrically neutral — with equal numbers of positive and negative 



A water molecule has two magnetic poles: negative at the oxygen 
end, positive at the hydrogen end. 

charges — but its positive and negative parts are comparatively far 
apart, and this affects how water behaves. Like charges repel each 
other and opposite charges attract; dipolarity makes water stick to 
itself because the hydrogen “base” of one molecule is attracted to 
the negative oxygen “vertex” of another molecule. Thus water 
molecules are always trying to stay next to other water molecules; 
this self-attraction or surface tension makes water an inefficient 
cleaning agent without a surfactant, and a very efficient one with a 
surfactant. By itself, water does not “wet” other materials very 
completely; it draws itself into little spheres or droplets instead of 
spreading out into the fabric fibers. A surfactant molecule has 
parts that allow it to reduce water’s surface tension so that it can 
penetrate fabric better; it also uses water’s surface tension as a 
force to dislodge dirt in the fabric. 
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For detergent to work efficiently, the material to be cleaned must be 
wet. Here, a water droplet, pressed by hydrophilic surfactant mole- 
cules, is squashed flatter against a clothing fiber, wetting it more 
thoroughly. Continued pressure will break the droplet into smaller 
drops, distributing it further. 

As soon as it is mixed with water, the detergent molecule 
sodium alkylbenzenesulfonate drops its sodium atom, but one of 
the sodium’s electrons stays attached to the molecule. The sodium 
thereby becomes a cation, or positively charged particle, because 
it has lost one (negative) electron. The remaining larger part of the 
molecule keeps the extra electron and is therefore a negatively 
charged particle, or anion. Sodium alkylbenzenesulfonate is an 
anionic surfactant, because it is the anion that does all the work of 
cleaning. 

The anion has two parts, a “head” and a “tail,” that act together 
to pry grease particles loose. The head, made of sulfur and oxygen, 
is hydrophilic, or attracted to water, because its arrangement of 
electrical charges complements an opposite pattern of charges 
found in groups of water molecules. This works similarly to the 
way water attracts itself. The tail, a long chain of carbon and 
hydrogen atoms, has no particular affinity for water and is called 
hydrophobic (“water-hating”). 

As soon as the sodium ions drop olf, the remaining anions 
spread quickly throughout the solution, led by their eager 
hydrophilic heads seeking water. At the same time, the water 
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molecules, permeated and overrun by anions, continually try to 
regroup and stick back together. Their affinity for each other is 
greater than their affinity for the anions’ heads. As the water sticks 
back together, the anions are forced outward toward all the 
surfaces: where the water meets the air and the sides of its 
container, and into the clothes in the washing machine. 

At the same time the hydrophilic heads of the anions are 
pushing back at the water, drawn by electrical attraction. The 
effect on the water is to spread it out, flattening the spherical 
droplets that have formed on the clothing, breaking them into 
smaller droplets and flattening them again, spreading them deep 
into the clothing fibers. This pressure from the anions forces the 
water into contact with a greater area of fiber, the way pressing an 
inflated balloon on a tabletop with one’s hand increases the area of 
the balloon that touches the table. 

The water, however, keeps regrouping, always forcing the 



Surfactant molecules in detergent successfully lift dirt from clothing. 
The cohesive or “ self-sticking f force of water presses surfactant mole- 
cules into the crevice between a dirt molecule and clothing fiber (1,2). 
Finally, the water molecules come together between them, further 
separating dirt and clothing and carrying the dirt away (3). 
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anions outside itself. Most importantly, it forces them, hydro- 
phobic tails first, far into the crevices between fiber and greasy 
dirt. Pressed on all sides by the water, the anions pry the dirt 
loose and surround it, hydrophilic heads all pointing out into the 
water like hairs standing on end. Once the dirt particles are 
removed and surrounded this way, they cannot restick to the 
fibers, since there are now anions coating every surface — anions 
all have negative charges, and like charges repel each other. So 
the dirt stays suspended until it is thrown away with the rinse 
water. 

The major difference between soap and detergent is that 
detergent contains special additives, usually phosphates, that 
electrically soak up stray minerals such as calcium ions from the 
wash water. Calcium ions are positive and can attach themselves 
to the heads of the (negative) surfactant anions, making them 
useless for cleaning. By adding phosphate anions to the water, one 
can draw off the calcium cations and keep them out of the way 
while the surfactant molecules clean the clothes. 


3 


How do they collect caviar? 

At the home of the Romanoff Caviar Company in Teaneck, New 
Jersey, resides a monumental stuffed and mounted Beluga stur- 
geon caught in 1911 which weighed over 2,000 pounds. This giant 
fish was the source of about 350 pounds of caviar, which at the 
time was sold for $10 a pound. Today the prized Beluga has 
become increasingly scarce, and prices have soared to an astro- 
nomical $350 a pound — were that sturgeon alive today, she’d be 
worth $122,500. 

True caviar is the salted roe (eggs) of the sturgeon family. The 
largest of sturgeon, Beluga, averages 800 pounds and takes about 
fifteen years to mature; its roe brings the highest price. The 
Osetra is slightly smaller, and the Sevruga, the smallest of all, 
requires eight to ten years to reach its full size. The roe usually 
constitutes 15 to 20 percent of the gross weight of the fish. 

The sturgeon are caught in sturdy nets (although large fish often 
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tear right through them in a dash for freedom) by experienced 
fishermen who know the species and its habits well. Brought 
immediately to shore, the fish are gutted and the roe processed 
under the supervision of a “caviar master. ” He separates the eggs 
from the sac on a wire mesh, cleans them, and decides how much 
salt to add — a crucial decision. The best caviar requires the least 
amount of salt, and “little salt” is denoted by the Russian word 
malossol; thus Beluga Malossol or Sevruga Malossol is Number 1 
grade. Machines are never used to handle the roe — only careful 
hands, for the eggs should not be broken. Although the Romanoff 
Company buys only the caviar, the fish itself is purchased by 
others and marketed fresh, frozen, or smoked. 

When caviar arrives in bulk at Romanoff, it must pass an 
exacting test by the master taster, Arnold Hansen-Sturm, fifth- 
generation president of the company. He examines it visually 
(although color does not necessarily signify grade), and he smells 
it — though some samples, Hansen-Sturm says, he’d prefer not to 
get so close to. The ultimate test, however, is taste. And the taster 
gets his fill of caviar. (When Hansen-Sturm takes a break to go on 
vacation only a Russian who has been with the company for forty 
years is entrusted with his job.) 

Samples are then taken to a lab to be tested for PCB, mercury, 
or other contaminants, according to Food and Drug Administra- 
tion regulations. Fortunately for caviar addicts, if a fish has been in 
polluted water, the contaminant lodges first in the fatty tissue 
under the skin, and the eggs are rarely affected. 

The best caviar is only sold fresh, packed in salt; the rest is 
sterilized by a pasteurization process and put into vacuum-sealed 
jars. This type has a shelf life of one or two years, whereas fresh 
caviar must be eaten within a few weeks. 

Most of us think of the Caspian Sea as the major source of 
sturgeon, and for many years it was. But only a century ago, the 
Delaware River and other United States waterways teemed with 
sturgeon. The Romanoff Company actually was first established to 
export caviar to Europe, at a rate of 100,000 pounds a year. 
Largely because of overfishing, the supply of sturgeon dwindled. 
However, now that imports from Iran have been terminated (and 
the sturgeon population in the Caspian Sea seriously threatened 
by industrial waste), the sturgeon industry in this country is 
cropping up again. Sturgeon weighing about 250 pounds are 
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caught in the Atlantic Ocean, the Columbia River, and various 
inland waters. 

The roe from other fish cannot compare with that from 
sturgeon, but the difference in price is high enough compensation 
for many people. The “caviar” you find in the supermarket comes 
from lumpfish caught in Canada, Norway, and Iceland, or from 
the salmon of Alaska. Lumpfish roe is a pinkish color, but red or 
black dye is added to simulate the roe of salmon or sturgeon. 


How does o heat-seeking missile find its target? 

Most modern jet fighter planes are armed with heat-seeking 
missiles — 9-foot-long rocket-powered “darts” that pursue enemy 
aircraft as if they had wills of their own. By staying pointed toward 
a source of heat, such as an enemy jet’s tailpipe or wing, a missile 
like the American Sidewinder (named after the western side- 
winder rattlesnake, which finds its prey by sensing the victim’s 
body heat) can follow the target jet even if the enemy pilot turns, 
rolls, or dives to get his craft out of the way. Heat-seeking or 
infrared missiles were developed in the 1950’s; their first combat 
use was in 1958, when a Nationalist Chinese fighter shot down a 
Red Chinese jet. 

Everything in the solar system contains some heat; that is, 
molecules and atoms everywhere are colliding with each other and 
vibrating. To say that something is hotter than something else 
means that its particles are colliding more frequently. As the 
particles vibrate, they make electromagnetic waves which ema- 
nate from the object in all directions. The sun, for example, is 
quite hot (11,000 degrees Fahrenheit), so its particles vibrate very 
frequently and give off the greatest amount of radiation in the 
visible light range, where the waves vibrate about one quadrillion 
(10 15 ) times a second. Cooler objects than the sun, such as jet 
tailpipes, give off the most radiation at lower frequencies, in the 
infrared range, where the waves vibrate around 100 billion times a 
second. A Sidewinder’s controls make it follow the object in its 
path having a peak radiation in the infrared. 
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The pursuit mechanism is based on a phenomenon called 
photoconductivity. Certain substances called semiconductors 
won’t conduct an electric current under most circumstances, but 
will do so when they are struck with a particular frequency of 
electromagnetic energy. A substance is able to conduct electricity 
when the electrons in its atoms can get far enough away from the 
attraction of their nuclei to wander about and flow as a group from 
one object to another. Ordinary conductors like copper and 
platinum conduct under most conditions without any extra en- 
ergy. Semiconductors like germanium, silicon, and arsenic com- 
pounds must have their electrons “kicked” away from their nuclei 
by a shot of light of the correct frequency before they are able to 
flow. This property makes them useful in switches. 

The nose of an infrared air-to-air missile has a special “window” 
that receives light waves as the rocket travels and directs their 
energy to the guidance circuits. Semiconductor junctions in these 
circuits let current pass through only when they are struck by 
infrared light. The nose cone is covered with semiconductor cells; 
if the target jet dives to escape, the cells on the underside of the 
nose receive more radiation, switch to their conductor phase, and 
pass current to computer circuits which tilt down the rocket’s tail 
fins so that it follows the jet into its dive. Any maneuver the target 
makes is registered by the semiconductors in the nose cone, which 
signal the computer to adjust the rocket’s course. The warhead, 
meanwhile, sends out radar waves (microwaves), which bounce off 
the target and return to a receiver in the rocket. A computer logic 
circuit measures how long each wave takes to leave the transmitter 
and return. As the missile gets nearer the enemy jet, the period 
gets shorter; when the echo is almost instantaneous, the computer 
gives the signal to detonate, and the 25-pound warhead explodes, 
destroying the jet. 

The sun gives off vast amounts of infrared radiation; why doesn’t 
every Sidewinder go spinning off into the sun? For several 
reasons. First, the rocket senses waves only from in front of it and 
is not “aware” of the sun unless it points toward it — and pilots try 
to avoid firing toward the sun. In addition, computer logic systems 
correct for such background “clutter” when the target lies in the 
direction of the sun. The sun gives off a great deal of visible- 
wavelength light as well as infrared, much more of it than a jet; so 
the computer can be instructed to ignore any infrared source that 
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also gives off more than a certain proportion of visible light. 

Often jets carry infrared decoy flares, which they release when a 
missile is pursuing them to distract the rocket’s sensors. Many jets 
also give off confusing countercommand radio signals to the 
approaching rocket’s guidance system to muddle its navigation. 
Naturally, rockets are now designed with built-in counter- counter- 
measures to distinguish between its own commands and counter- 
measure signals and to help it tell the difference between infrared 
flares, the enemy jet, and the sun. 


;> 


How do art conservationists remove a fresco from a wall? 

Many highly valued frescoes, such as those by Giotto in the 
Scrovegni Chapel at Padua or the Byzantine wall paintings in 
Greece, are in grave danger of deteriorating. Frequently, the 
damage is caused by dampness, which rises through the walls of 
the building, or penetrates from the outside, or condenses on the 
inner surface if, for example, the church is heated on weekends 
but left cold during the week. Another more serious problem 
stems from the increasing amounts of sulfur dioxide in the air — the 
product of industry and cars. This has an effect on murals painted 
in lime mortar, which over the years becomes calcium carbonate. 
In the presence of moisture, sulfur dioxide causes the calcium 
carbonate to become calcium sulfate, which has a far greater 
volume than the carbonate. The walls — and the murals — then 
start to crumble and disintegrate under the pressure of expansion. 
Solutions to these problems range from simply guarding against 
leaks and providing uniform heat to — the most drastic course of 
action — actually removing the fresco from the wall. 

When a fresco was first painted, it was likely done by one of two 
methods or a combination of both. In buon fresco (true fresco), 
pigments mixed with water are applied while the plaster on the 
wall is still wet, whereas in fresco secco, pigments mixed with egg, 
lime, or glue are painted onto plaster that has dried and hardened. 
Lime mortar underlies the plaster, and guide drawings, or 
sinopia, in red earth pigments are made on the first rough layer. 
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As this is covered each day with a wet plaster called intonaco, the 
sinopia drawings are retraced. How, then, do conservationists go 
about removing such a painting without its crumbling away to 
nothing? 

A common technique, strappo, involves gluing a canvas to the 
painting and gradually pulling away a thin layer of pigments, with 
the help of very thin spatulas. The glue binding the canvas to the 
painting must, of course, be stronger than the internal cohesion of 
the plaster. After excess plaster has been stripped away, the 
pigments are fixed by a rigid support with synthetic resins. By 
another method, stacco, a thicker layer of plaster is removed — so 
much, in fact, that the original sinopia drawings may be revealed. 
The plaster on the back of the fresco is smoothed and then 
attached to a board. In both methods the fresco is taken down in 
strips or sections, which have been carefully marked out before 
work begins 

An astounding act of art conservation took place on the remote 
Greek island of Naxos in the old Church of the Protothronos 
several years ago. There an entire Byzantine dome painting was 
removed in one piece — a first in the annals of preservation. 

The painting (which had been done in semifresco, a combina- 
tion of the two techniques described above) was suffering from 
water seepage, which caused the paint to peel. Candles and 
incense used in services had left a coat of grease and soot on its 
surface. And a yet more important factor in the decision to remove 
the painting for restoration was that another, older painting was 
discovered beneath it. A decision was made to remove only the 
newer painting — a tricky business even on a small scale — but to 
preserve the form and plasticity of the original, conservationists 
decided to attempt to lower the entire dome painting at once in its 
proper shape. 

First, the painting was covered very carefully with cotton gauze. 
A protective fabric was added. Then the dome was marked out 
with concentric circles and great circle arcs. Thin stainless-steel 
wires wrapped in gauze and soaked with adhesive were placed 
along these latitudinal and longitudinal lines. Wherever they 
crossed, they were soldered together. Sections of paint around the 
windows were detached with metal spatulas, but most areas were 
loosened by means of traction. A central wooden structure was 
built, positioned vertically below the dome. This king post had 
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A supporting structure and pulley system lowered the dome painting 
from the ceiling of the Church of the Protothronos on Naxos. 


two horizontal crossbeams at right angles to each other. The ends 
of the crossbeams were attached to the tops of four windows. 
Next, tie wires (thin wire rope adjusted by bottle screws) were 
connected to the king post. The other ends of the wires were 
fastened by means of an S-hook to the wires inside the dome, 
where the latitudinal and longitudinal pieces crossed. Two wires, 
diametrically opposed, were pulled simultaneously by tightening 
the screws and thus shortening the tie wires. 

After the surface painting was eased away from the one beneath 
it, it was lowered gradually by means of a pulley system, resting 
temporarily on the king post. Steadying ropes were attached to 
various anchor points in the church, and the supporting scaffolding 
was disassembled. Finally, the painting reached the floor, to be 
removed for retouching and restoration. 

;> 

How do they stop on oil-well blowout? 

On June 3, 1979, a Mexican oil well, Ixtoc 1, blew out when an 
undersea drill hit a volatile pocket of oil and gas. The immense 
pressure of the gas caused the well to throw out an overwhelming 
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30,000 barrels per day of oil. Some of the oil burned at the surface, 
some was sucked into cleanup ships, but a great deal spread out 
over the Gulf of Mexico, eventually stretching to the shores of 
Texas. 

The celebrated oil-well fire fighter Red Adair was hired to try to 
solve the problem. His divers, working at a depth of 160 feet, tried 
to repair damaged pipes, while 1,500 men and twelve planes and 
helicopters tried to contain the slick. Adair’s efforts were not 
entirely successful, and the slick continued to spread. The 
underwater gauges and wellhead were partially blocked by debris 
from the shattered rig, and one diver said the morass of broken 
drill pipes resembled a “platter of spaghetti.” 

It was then decided that the best solution was to drill two 
intercepting relief wells to tap the oil below the escape point, 
thereby relieving the pressure. The Mexican oil company Pemex 
began to drill Ixtoc 1A and Ixtoc IB, but the drilling would require 
months; meanwhile, thousands of barrels of oil continued to spew 
into the sea. A steel pipe was attached to the kill valve (which was 
blocked), and Pemex began pumping mud, gelatin, salt water, and 
then cement into the well, hoping to stanch the flow. In late June 
another break occurred farther down the wellhead, and Pemex 
had to ignite the oil on the surface of the water to prevent its 
spreading. The drilling inched along. It wasn’t until the end of 
July that Pemex managed to reduce the flow from 30,000 barrels 
per day to 21,000 barrels per day, and they went on pumping huge 
quantities of heavy drilling mud, steel and iron balls, cement, and 
chemicals into the bore well. By August 20, Ixtoc 1A was 8,612 
feet deep, with 3,000 feet to go before reaching the depth of the 
runway, and Ixtoc IB was 6,237 feet deep. 

September brought a new plan, called Operation Sombrero, for 
crushing the blowout. This involved placing a huge, 300-ton 
inverted steel funnel — which, indeed, looked like a sombrero — 
over the well. It would collect about 80 percent of the oil at the 
wellhead, divert this oil into collection vessels, flare the gas, and 
return the seawater to Campeche Bay. Mechanical flaws halted 
the operation for several weeks, and although the “sombrero” 
eventually helped somewhat, it couldn’t stop Ixtoc 1. 

The story of the blowout continued far longer than anyone 
anticipated. The leakage was reduced to a dribble by October, but 
only in March 1980 did the two directional wells finally shut off 
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Ixtoc 1. Then the hole, which had received so many tons of metal 
balls and mud, was finally plugged with cement. Pemex had 
employed just about every known method for controlling an oil- 
well blowout — and spent $131.6 million along the way. 

How do they point the straight lines on streets? 

Traffic problems are severe enough without the additional 
hazard of zigzagging lines on city streets or unevenly spaced lanes 
on a superhighway. To ensure that the lines are straight and to 
expedite an otherwise painstaking operation, machines are used to 
apply the paint. 

Before the actual painting of a small road or city street, the 
three or four men who make up a highway crew must “spot,” or 
outline with chalk or string, the precise placement of the lines, at 
20-foot intervals, according to an engineer’s plans. To apply the 
paint, a small, gasoline-powered machine resembling an oversized 
lawn mower may be handled manually by one person. Air 
compression forces paint out onto the road while the operator 
concentrates on holding the machine in a straight line. This small 
machine is especially useful for making the lines at crosswalks, and 
also for laying down hot plastic instead of paint, which the larger 
machines cannot do. Hot plastic is an excellent substitute for 
paint, lasting from eighteen months to three years, whereas paint 
must be applied every three to six months on a busy street. 

Generally, this small machine is too slow for big highway jobs, 
so a large truck moving at about 5 miles an hour is used. The crew 
does not have to “spot” the lines as with city streets, but rather the 
truck has a pointer in the front which the driver lines up very near 
the median strip so as not to swerve from side to side. The crew 
then lowers the carriages — two rams that extend to either side 
behind the truck and run along on their own little wheels. (When 
not in use, they are kept folded up inside the truck.) These 
elaborate carriages hold spray guns and other equipment for 
applying the paint. The crew measures the width of the highway 
and sets each carriage accordingly, spanning the entire width if the 
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outside line is to be painted, half the width for the centerline, and 
so on. Preheated paint is shot out onto the road by compressors 
and the guns on the carriages, which are operated from the truck. 

One person drives, two operate the guns, and another drives 
behind to make sure the lines are correctly placed. The driver 
tries as much as possible to move in a straight line, but if he shifts 
to one side, those in back can compensate by moving horizontally 
a guide arm that directs the guns. This task requires six months to 
a year of training as well as good concentration. 




How do instruments in the cockpit tell a pilot how fast he is 
flying? 

Along with an altimeter and vertical velocity indicator in the 
cockpit of a plane is an airspeed indicator (ASI), which registers 
the speed at which the aircraft is flying. The instrument has two 
needles, one indicating hundreds, the other tens of knots — but 
from where do its readings derive? 

Outside the plane, usually placed on one of the wings, is a thin 
cylindrical tube, or Pitot tube, originated by Henry Pitot 
(1695-1771) to measure the flow velocity of air or water. Always 
positioned parallel to the axis of the plane, this tube projects 
forward into the airflow. As the plane accelerates, an increasing 
amount of air is driven into the open-ended tube, thus raising the 
air pressure inside. A second tube — this one sealed at its forward- 
facing end — is also attached to the frame of the plane, sometimes 
along with the Pitot tube, sometimes in a more protected area. A 
series of holes along its length provides access of air, but the air 
pressure inside it is not affected by the plane’s forward motion. 
This static tube thus allows a reading of the atmospheric pressure 
outside the plane. Both tubes are connected by pressure lines to 
an expandable diaphragm inside the airtight case of the ASI. As 
the aircraft accelerates, increased air pressure causes the dia- 
phragm to expand; it contracts, of course, as the plane decelerates. 
The needles of the ASI are attached to this diaphragm and move 
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according to its expansion or contraction. Through mechanical 
linkage, then, the differential in air pressure readings of at- 
mospheric air and air driven into the Pitot tube is measured as 
airspeed. 




How do solmon, offer years of migration over vast distances, 
return to the rivers in which they were spawned? 

The extraordinary process of salmon migration begins when an 
adult female salmon lays her eggs on a gravelly riverbed, forming a 
nest by swishing her tail from side to side. The best location is in 
shallow water at the head of a riffle, where fast water spills over 
the gravel and brings nourishing oxygen to the eggs. Only about 5 
out of 5,000 of these small pink eggs (each about the size of a 
buckshot) actually hatch, and these are then threatened by hazards 
such as predators and polluted water. Since the female dies soon 
after laying her eggs, the young alevins are equipped with a large 
yellow sac attached to their bellies which nourishes them for 
several months. At an age of one to three years the smolts — still 
quite small — go downstream to the sea, sometimes traveling as 
much as thousands of miles to do so. In the oceans they feed 
voraciously on plankton and small fish for at least a year, generally 
three or four. Pink salmon from the rivers of British Columbia 
travel northward, paralleling the North American coast, sweeping 
along the southern coast of Alaska, then turning south, making a 
huge 2,000-mile elliptical path back to the mouth of the spawning 
river. While the pink salmon make one circuit, chum and sockeye 
may complete two or three, traveling 10,000 miles before seeking 
their natal streams. Although various species of salmon may mix 
while swimming and feeding far out at sea, they consistently 
separate when their sex cells ripen, triggering the response to go 
home to spawn. 

How do the salmon know where to go? Some biologists suggest 
that the fish are guided by celestial cues, in particular by the 
position of the sun; but since cloudy days are hardly the 
exception — in the Pacific Northwest and Gulf of Alaska at least — 
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this theory seems unlikely. Each body of water has its own 
inherent chemical composition and thus a particular smell, and 
many biologists believe that salmon, on arriving near the mouth of 
their natal river, proceed to smell their way home. But this idea 
fails to explain the ability of salmon to return over vast distances, 
especially when in experiments they have been taken out and 
dumped into totally unfamiliar waters. Dr. William F. Royce at 
the University of Washington feels that the migratory cues are 
inherited rather than memorized, that the salmon discern tiny 
electrical charges generated by ocean currents and orient them- 
selves according to the earth s magnetic field. The path is in some 
way imprinted on the chromosomes and passed on through the 
generations. 

However the salmon rediscover their natal rivers, the journey 
upstream is another awesome feat. They travel night and day, 
swimming in a series of spurts, with intermittent rests in quiet 
pools. They flap their strong tails in wide strokes to propel them 
upstream — up swift currents and waterfalls that may be 10 or more 
feet high. No matter how long the arduous swim takes, the salmon 
eat nothing the entire way, surviving only on the oxygen in the 
water. One of the longest runs is in the Yukon River, where 
chinook travel nearly the river’s entire length of 2,000 miles to 
spawn in Nesutlin Lake. Beginning at speeds of 10 or 20 miles a 
day, they later accelerate to 50 or 60 miles a day. After a month of 
travel the battered, emaciated fish arrive home and prepare to 
spawn, but within days after the female deposits her eggs and the 
male, hovering nearby, releases his sperm, both will die. 

Salmon populations have been dangerously reduced not only by 
fishing industries and river pollution, but by construction of dams 
that have prevented their inland journeys. In the eighteenth 
century salmon were so abundant in the Connecticut River that 
they were considered common, even lower-class, fare. In 1798 the 
Upper Locks and Canal Company built a 16-foot dam across the 
river at Hadley Falls, Massachusetts, and by 1810 the occasional 
salmon caught was so rare that the lucky fisherman had little idea 
what sort of fish he’d hooked. Similarly, the Grand Coulee Dam 
built on the Columbia River in the 1930’s had harmful effects on 
chinooks and bluebacks from that area. Laws today frequently 
require that fish ladders, or steps, be built on any dam in a river 
containing salmon. 
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Index 


“Absolute zero,” determination of, 
227-229 

Advanced optical character reader 
(AOCR), 19 

Aerial photographs, locating archae- 
ological sites with, 42 
Aerosol cans, 127 
Air cushion vehicles (ACVs). See 
Hovercraft 
Air mail, 18-19 
Airplanes 

determination by pilot of speed of, 
282-283 

and hurricane tracking, 25-26 
landing in fog, 178-179 
See also Boeing 747 
Airports 

metal detectors at, 96 
postal facilities at, 18-19 
Airspeed indicator (ASI), 282-283 
American Telephone and Telegraph, 
phone-bugging detection service of, 
168 

Amniocentesis, and sex identification, 
21-23 
Animals 

censuses of populations, 89-93 
determination of endangered or ex- 
tinct species, 92-93 
AOCRs, 19 
Archaeology 

dating of artifacts, 261-263 
locating of sites, 42-43 
Aromatics, synthetic, 116-118 
Art. See Art forgeries; Frescoes; 
Paintings 

Art forgeries, detection of, 49-52 
Artificial flavors, 116-118 
Artificial insemination, 66-68 
Artificial pacemaker. See Pacemaker 


Astronauts, toilet facilities on space- 
craft for, 229-230 
Astronomy 

calculation of speed of light, 70-71 
prediction of solar eclipses, 84-87 
See also Galaxies; Stars; Universe 
Atomic fusion, 87 

Australopithecus afarensis, 204—205 
Automobile muffler, 224 
Autopsy, determination of cause and 
time of death from, 207-210 

Bacteria, petrophilic, 183 
Balance or rhythm climbing, 59 
Balloons, steering of, 94-95 
Balls. See Fastball 
Banks, and transfer of money be- 
tween checking accounts, 152-154 
Bar code, and mail, 19 
Barometric pressure, navigation of 
homing pigeons and, 20 
BBs, 66 
Bees 

location of food by, 56-58 
reasons for building honeycombs, 
53-56 

Best-seller lists, determination of, 
103-104 

Bias belted tire, 60-61 
“Big Bang” theory, 121, 123-124, 212 
Billboard painting, 188-190 
Birds, counting of, 90 
Boeing 747, air supply and pressuriza- 
tion, 176-178 

Bombs, dogs sniffing out, 81-82 
Bones, X ray of, 115 
Books, best-seller lists of, 103-104 
Bottle, whole fruit in, 27 
Brachiosaurid. See “Ultrasaurus” 
Brandy. See Pear brandy 
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Bridges. See Suspension bridges 
Brooklyn Bridge, construction of, 
156-158 

Building, determination of cause of 
collapse from rubble, 146-148 
See also Tall buildings 
Bullets, tracing, 108-109 

Cable cars, in San Francisco, 205-206 
Camels, reasons for low water re- 
quirement of, 137-138 
Canal, ships traveling upstream 
through, 233-234 
Cancer, and radiation therapy, 
154-155 

Canning of corn, 135-136 
“Capture, recapture” method, 89-93 
Catgut, sources and uses of, 160 
Caviar, collection and processing of, 
273-275 

Census of wild animals, 89-93 
Cesium clock, 107 

Checking accounts, transfer of money 
between, 152-154 
Chemicals, for oil spill removal, 
182-183 

Cherries, fake, 224-225 
Chickens, slaughter and processing 
of, 165 

Choreography, notation for, 251-257 
Choreology, 251, 255 
Chromosomes, and sex determina- 
tion, 22-23 

Cigarettes, removal of tar from, 38-39 
City, measurement of elevation of, 
138-142 

Coffee. See Instant coffee 
Coins 

detection of slugs by vending ma- 
chine, 118-119 
selection of designs for, 34-35 
“Cold light,” 206-207 
College entrance exams. See 
Scholastic Aptitude Test (SAT) 
Computers 

and determination of causes of 


building collapse, 148 
and low temperatures, 229 
and prediction of solar eclipses, 86 
and selection of taxpayers for audit, 
79-80 

Conductor, signs used by, 128-130 
Conservation of paintings 

compared with restoration, 191-192 
removal of frescoes, 277-279 
Contac time-release capsule. See 
Time-release capsules 
Continental drift, measurement of, 
230-233 
Com 

production of ethanol from, 

210-211 

stripping from cob for canning, 
135-136 

Corpse, embalming of, 246-247 
Crop disease, multispectral analysis 
of, 45 

Currency, selection of picture on, 
33-34. See also Money 

Dance notation systems. See 
Choreography 

Death, determination of cause and 
time of, 207-210. See also 
Embalming 

Dentistry, root canal work, 225-227 
Detergent, method of cutting grease, 
269-273 

Diamond cutting, 263-267 
Digital Optical Technology System, 
259 

Dinosaur, determination of ap- 
pearance from single bone, 243-244 
Discrimination function (DIF), 79-80 
DNA 

and gene splicing, 150-151 
and heredity, 22 
recombinant, 151 
Dogs 

narcotics detection, 81-82 
sniffing out bombs, 81-82 
Dogs (movie), ratings for, 132 


Dollar-bill changer, weeding out fake 
or foreign money by, 249-250 
Dry ice 

manufacture of, 154 
and rainmaking, 185 
Dynamite, invention of, 47 

Early man, evidence of, 42-43 
Earth’s magnetic field 

and honeycomb building by bees, 

54 

navigation of homing pigeons and, 

20 

Educational Testing Service (ETS), 
124-126 

Eggs, sorting by size, 61-62 
Electric elevators, 41 
“Electric eye” elevator doors, method 
of working, 247-249 
Electricity, generation of, 73-74 
Elevation, measurement of, 138-142 
Elevators 

“electric eye” doors of, 247-249 
high-speed, 41 
Embalming, 246-247 
Encyclopaedia Britannica, method of 
writing, 31-33 

Endangered species, determination 
of, 92-93 
Ethanol, 210 

Evolution of man, 203-205 
Eyeglasses, correction of nearsighted- 
ness or farsightedness with, 

144-146 

Face lifts, 97-98 
Farsightedness, 146 
Fastball, measurement of speed of, 39 
FBI, Identification Division of, 161, 
163, 164 

Federal Reserve banks, 153-154 
Fetus, sex determination, 21-23 
Fiber-optic endoscopy, 186-188 
Filters, cigarette, 39 
Fingerprint matching, 161-164 
Fireflies, creation of light by, 206-207 


Fireworks, method of creating, 

172-174 

Fish, counting of, 90. See also Salmon 
Flavors, synthetic, 116-118 
Floating of steel ship, 27-28 
Food 

and artificial flavors, 116-118 
bees’ method of locating, 56-58 
fake cherries, 224-225 
Forgery. See Art forgeries 
Freeze-drying method, 52-53 
Frescoes, removal from wall, 277-279 
Frozen sperm, 67-68 
Fruit trees, 99-100 

Galaxies 

boundaries of, 168-171 
distance to, 217-218 
Garbage, gasohol from, 211 
Gasohol, manufacture of, 210-211 
Genes 

and honeycomb building by bees, 
53-54 

splicing, 150-151 
See also entries under Genetic 
Genetic disorders, and amniocentesis, 
21 

Genetic engineering, and petrophilic 
bacteria, 183 

Genetic variation, and fruit growing, 
99-100 

Global crop forecasting, 43-47 
GNP. See Gross national product 
Grapes. See Seedless grapes 
“Green cookies,” 172 
Gross national product, measurement 
of, 237-239 

Gun silencer, method of working, 
223-224 

Guns, tracing bullets to, 108-109 

Hair transplants, 166-167 
Hartford Civic Center Coliseum, col- 
lapse of, 147-148 
Hashish, production of, 171-172 
Heart, and artificial pacemaker, 28-30 
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Heat-seeking missiles, method of 
finding target, 275-277 
Heredity 

and salmon migration, 284 
and selection of sperm donors, 69 
See also Genes 
Holography, 259 

Homing pigeons, theories on naviga- 
tion by, 20-21 
Homo erectus, 205 
Homo sapiens, 205 
Honeycombs, reasons for bees build- 
ing, 53-56 

Hot-air balloons. See Balloons 
Hovercraft, operation of, 112-114 
Hurricanes 
predicting path of, 26 
speed of, 24-26 

Ice hockey rink, lines under ice in, 
196-197 

Ice skating rinks, prevention of melt- 
ing in, 195-196 
Illusion 

sawing woman in half, 23-24 
and 3-D television, 258-259 
Infrared missiles. See Heat-seeking 
missiles 

Infrared photographs 
and detection of art forgeries, 51 
and global crop forecasting, 45-47 
Infrasounds, navigation by homing 
pigeons and, 21 
Insect population, 91 
Instant coffee, manufacture of, 52-53 
Instrument landing system (ILS), 
178-179 
Intelligence 

measurement with IQ test, 221-223 
and tests, 126 
IQ test, 221-223 
IRS, decision on auditing, 79-80 
Ivory soap, floatability of, 165-166 

Labanotation, 251-257 
Landsat satellites, 43, 45-47 


Large Area Crop Inventor)' Experi- 
ment (LACIE), 46-47 
Lasers, and diamond cutting, 267 
Laundry, differentiation of clothing 
in, 75 
Laws 

on conservation of salmon, 284 
on gun silencers, 224 
on inscription on coins, 35 
on lie detector tests, 219 
Lead, method of placing in pencil, 36 
Lie detector tests, 218-219 
Light 

definition of, 72 
and electric eye doors, 247-249 
and solar temperature, 71-73 
See also Light, speed of; Polarized 
light; Ultraviolet light; Visible light 
Light, speed of 
determination of, 70-71 
and estimates of number of stars in 
universe, 212-213 
and size of universe, 120-121 
Lincoln penny, 34-35 
Lizard population, counting of, 90 

Macropaedia, 32-33 
Magicians, method of sawing person 
in half, 23-24 
Mail sorting, 17-19 
Man, first, 203-205 
Mark II facer canceler, 17-18 
Measurement 

of continental drift, 230-233 
of distance to stars, 213-218 
of elevation, 138-142 
of gross national product, 237-239 
of speed of airplane, 282-283 
Meat grading, 269 
Medical Examiner’s Office, 207-210 
Medicine, time-release capsules for, 
74-75 

Mercury vapor, 114-115 
Metal detectors, 96 
Micropaedia, 33 


Microwave oven, operation of, 
142-143 

Mirrors, manufacture of, 136-137 
Miss America Pageant, selection of 
contestants for, 268-269 
Missiles. See Heat-seeking missiles 
Money, transferred between checking 
accounts, 152-153. See also Coins; 
Currency; Dollar-bill changer 
Monogamy, origins of, 204 
Moon, and solar eclipses, 84-87 
Mountain, measurement of elevation 
of, 138-142 

Mountain climbers, method of scaling 
sheer rock walls, 58-60 
Movie ratings, determination of, 
130-132 

Multispectral scanners, and global 
crop forecasting, 45-47 
Musical instrument strings, 160 
Mutations 
in bees, 53-54 
and seedless grapes, 98-99 

Narcotics detection, by dogs, 81-82 
National Bureau of Standards, 106, 
107, 108 

National Environmental Satellite Ser- 
vice (NESS), 46 

National Hurricane Center, Miami, 

25 

Natural gas, delivery system for, 
148-149 

Nearsightedness, 146 
Neon signs, cause of glow, 114-115 
New York Stock Exchange, trading 
on, 109-111 

New York Times, The, determination 
of best-seller list of, 103-104 
Nielsen Television Index (NTI), 
183-184 

Nobel Prize winners, selection of, 
47-49 

North Star, movement toward Earth 
of, 122 

Nuclear plants, 73-74 


Nuclear-powered sub, 63 
Nylon rope, for mountain climbing, 

59 

Observable universe, 120 
Odds, of slot machine, 126-127 
Oil spills, cleaning up, 179-183 
Oil-well blowout, stopping of, 

279-281 

Orchestra conducting, 128-130 
Organ. See Pipe organ 

Pacemaker, method of helping heart, 
28-30 

Paintings, restoration of, 191-195. See 
also Frescoes 

Parallax measurement, 214-215 
Peanuts, shelling and processing, 
174-175 

Pear brandy, method of getting whole 
pear into, 27 

Pearls, test for real vs. synthetic, 188 
Pencils, method of putting lead into, 
36 

Perdue chickens, processing of, 165 
“Phantom marking” by laundry, 75 
Photography 
of galaxies, 170 

of insides of human body, 186-188 
Polaroid picture development, 
133-134 

transmission over telephone wires, 
152 

Piano tuning, 200-202 
Pigeons. See Homing pigeons 
Pipe organ, sound generation by, 240 
Pitot tube, and measurement of air- 
craft speed, 282-283 
Polarized light 

navigation of homing pigeons and, 
20 

and 3-D movies, 258 
Polaroid picture, development of, 
133-134 

Polaroid sunglasses, method of cutting 
glare, 234-236 
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Polygraph. See Lie detector tests 
Pope, election of, 240-242 
Post Office, sorting and delivery of 
mail by, 17-19 

Pregnancy, and sex determination, 
21-23. See also Artificial insemina- 
tion 

Presidents, pictures on currency, 
33-34 

Pressurization of airplane, 176-178 
Propaedia, 31 

Prototype sculptor, 101-102 
Radar 

and airplane landings, 178 
and hurricane tracking, 25 
and measurement of fastball speed, 
39 

and speeders, 39 
Radial tires, 61 
Radiation therapy, 154-155 
Radio telescope, 170-171 
Radiocarbon dating, 262-263 
Rainmaking, 185-186 
Recombinant DNA, 151 
“Red shift,” 122-123, 212 
RNA, and gene splicing, 151 
Rock climbing. See Mountain climb- 
ers 

Root canal work, 225-227 

Sacred College of Cardinals, and 
election of Pope, 240-242 
Salmon migration, 283-284 
San Francisco, cable cars in, 205-206 
Satellites 

and global crop forecasting, 43-47 
and hurricane tracking, 24-25 
Scholastic Aptitude Test (SAT), writ- 
ing of, 124-126 

Scotch tape, method of rolling up, 

119 

Sea level, mean, 139-140 
Seedless grapes, growing of, 98-100 
Semiconductor, 63-64 
Sex determination, 21-23 


Shaving cream can, method of getting 
foam into, 127 

Ships, traveling upstream through 
canal, 233-234 

Shirts, differentiation in laundry, 75 
Skating rinks. See Ice hockey rink; Ice 
skating rinks 

Slot machine odds, 126-127 
Snake charming, 202-203 
Soap, compared with detergent, 273 
Solar eclipses, prediction of, 84-87 
Sonography, and amniocentesis, 21 
Sorbents, in oil spill clean-up, 182 
Sound, made by pipe organ, 240. 

See also Gun silencer 
Soviet wheat crop forecasts, 47 
Spacecraft, toilet needs on, 229-230 
“Spansule” capsule, 74 
Spectroscopic parallax, 215, 217 
Sperm. See Artificial insemination; 
Sperm bank 

Sperm bank, selection of donors by, 
68-69 
Stacco, 278 

Stanford-Binet test, 222 
Stars 

method of estimating distance of, 
213-218 

method of estimating number in 
universe, 211-213 
position of, homing pigeons 
and, 20 

Statues, miniature reproductions of, 
100-102 

Steel ship, flotation of, 27-28 
Stenospermoscarpy, 99 
Stock brokers, 109-111 
Stock trading, 109-111 
Stoplights, timing of, 88 
Strappo, 278 

Street lights, automatic turning on of, 
88-89 

Streets, painting straight lines on, 
281-282 

Stripe toothpaste, method of putting 
stripes in, 83-84 
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Stunts. See Tricks 

Submarines, diving and resurfacing, 
62-63 
Subway 

building under city, 76-78 
building underwater, 260 
Sun 

determination of temperature of, 
71-73 

position of, homing pigeons and, 20 
Sunglasses. See Polaroid sunglasses 
Sunspots, 87 

Superconductivity, and low tempera- 
tures, 229 
Surgery 

endoscopy and, 187 
hair transplantation, 166-167 
implantation of pacemaker, 30 
vasectomy, 67 

Suspension bridges, method of con- 
struction, 156-160 
Swedish Academy, 47-48 
Sword swallowers, 220-221 

Tall buildings 
elevators in, 41 

method of keeping perfectly verti- 
cal, 197-199 
window washing in, 40 
Tar removal from cigarettes, 38-39 
Taste of food, 116, 117 
Taxpayers, selection for auditing, 
79-80 

Taxpayers’ Compliance Measurement 
Program (TCMP), 80 
Telephone, bugged, detection of, 
167-168 

Telephone wires, photograph trans- 
mission over, 152 
Telescopes, 170-171 
mirrors used in, 137 
Television, three-dimensional, 
258-259 

Television ratings, 183-184 
Temperature 

“absolute zero,” 227-229 


and thermos, 245 
Tennis rackets, catgut for, 160 
Tetrahydrocannabinol. See THC 
THC, 171, 172 
Theodolite, 142 

Thermos, method of keeping things 
hot or cold, 245 

Thermostat, operation of, 143-144 
Thoracotomy, and implantation of 
pacemaker, 30 

3-D movies, on television, 258-259 
“Three-dimensional” pantograph, 
101-102 

Timekeeping, 105-108 
Time-release capsules, 74-75 
Tires, gripping wet road, 60-61 
Toothpaste. See Stripe toothpaste 
“Total particular matter.” See TPM 
TPM, 38-39 

Traffic lights. See Stoplights 
Transvenous method of installing 
pacemaker, 30 

Tricks, sawing person in half, 23-24 

Truth serum, 82-83 

Tunnels 

digging underwater, 259-260 
ventilation of, 260-261 

“Ultrasaurus,” 243-244 
Ultraviolet light 
and bees, 58 

and detection of art forgeries, 51 
navigation of homing pigeons and, 
20 

and phantom marking, 75 
Underwater tunnels, building of, 
259-260 
Universe 

estimating number of stars in, 
211-213 

expansion of, 121-124 
measurement of size of, 120-121 

Vacuum drying, of instant coffee, 
52-53 

Vasectomy, sperm storage before, 67 
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Vending machine, coin-testing device 
of, 118-119 

Ventilation of tunnels, 260-261 
Very Large Array (VLA), 171 
Visible light, 73 

Vision, correction with eyeglasses, 
144-146 

Water 

camels and, 137-138 
and detergent action, 270-273 
flotation and, 27-28 
Weather prediction. See Hurricanes 
Wechsler Intelligence Scale for Chil- 
dren (WISC), 222-223 
Window washing, in World Trade 
Center, 40 


World Trade Center, washing win- 
dows at, 40 

X-chromosome-linked disorders, 21, 
22 

Xerox machine, copy-making by, 
63-66 
X rays 

of bones, 115 

compared with fiber-optic endo- 
scopy, 187-188 

and detection of art forgeries, 51 
Y chromosome, 22 
Zip code, 18, 19 
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HOW DO 
THEY 
DO THAT ? 

• How do they make mirrors? 

• How do sword swallowers swallow swords? 

• How does a Polaroid picture develop in broad daylight? 

• How do camels go without water? 

• How do they splice genes? 

• How do they create spectacular fireworks? 

How indeed? 

Ever found yourself wide-eyed at the wonders of science? Awestruck by 
the arts? Mystified by the miracles of nature or the marvels of technology? 

Relief is at hand. Within these pages answers abound. How Do They 
Do That? clarifies what used to mystify. It explains the inexplicable and 
makes known the unknown. 

Here is a book for both the mildly curious and the grand inquisitor. 
Take a few hours or take a few minutes to browse through this repository 
of riddles revealed. You’ll discover that it’s not hocus-pocus that put 
the whole pear in the bottle of pear brandy or sorcery that suspends a 
suspension bridge. But if not by magic, how do they do that? 

The answer awaits within. A questioner’s cure, an anodyne of answers. 
How Do They Do That? is a puzzler’s paradise. 

Caroline Sutton, a graduate of Wesleyan University, lives in New York 
City, where she writes and edits for the Hilltown Press. 
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